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PREFACE 

This book is a collection of information from widely scattered 
sources, many of which will not readily available to readers out 
of reach of well-equipped technical libraries. Students of the new 
and rapidly developing subjects oJPsmoise-reduction and sound- 
insulation will it is hoped find such a collation useful, if only for the 
sake of the references it contains. Those who are already specialists 
in this field may perhaps find something to stimulate them, if only 
to write a better book about it. Busy people such as architects 
and engineers, who have to be acquainted with many techniques, 
may like to have a fairly comprehensive book at hand for reference; 
the tables of data which have been included have been selected 
mainly for this purpose. These people, like Edison, may value 
information about the many ideas which won’t work as well as 
about the few which will; the limitations of the methods and the 
difficulties of the subject have been indicated accordingly. Apart 
from Chapter VI, which deals with the insulation of machinery and 
which has perhaps more interest for the specialist, the book as a 
whole will, it is hoped, interest the general public, who have to 
endure the noises of modem civilization. If it should interest them 
sufficiently to arouse an insistent demand for more peace and 
quietness, it will have been worth writing. 

The bulk of the book was written before 1940. The publication 
and revision has been a long task interrupted, as was the progress 
of research itself, by the War. The constant encouragement and 
advice of Dr, G. H. Aston and other colleagues and friends of the 
late Dr. J. E. R. Constable have been invaluable. The publishers, 
Sir Isaac Pitman and Sons, Ltd., and their general editor, Mr. A. S. 
Andrews, have given every possible assistance. Miss I. M. McK. 
Duncan kindly helped with the proofs. 

K. M. C. 

Marche 1949 
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CHAPTER I 

THE NATURE OF SOUND 

The very considerable progress that has been made in the subject 
of noise-reduction during the past fifteen years is largely the result of 
scientific research. To enable those readers who are not knowledge¬ 
able in acoustical matters to appreciate recent developments, an 
elementary account of the properties of sound waves is given in this 
chapter, together with explanations of the acoustical terms used 
later in the book. Many readers may prefer to omit this chapter 
altogether, at any rate on a first reading. Those who require a 
complete and systematic list of acoustical terms are referred to 
the British Standard Glossary of Acoustical Terms and Definitions 
(British Standards Institution, 1936). 

The Nature of Etound. Sound is essentially something which can 
be heard by humans (and animals), but on account of the wide varia¬ 
tions in ear sensitivity arising from age, physical defects, and so on, 
what is sound to one man may very well be nothing to another. 
The sensation of sound arises when vibration falls upon the ear. 

Sound is generated in air when a surface vibrates. As an example 
may be taken the familiar loudspeaker diaphragm, the vibration of 
which can often be observed directly. The process by which the 
diaphragm radiates sound is as follows— 

If its backward and forward motion is slow enough, the air will 
merely fiow past it and very little disturbance wiU result. (The 
physicist’s way of stating this is that if the area is small compared 
with the wavelength it forms an inefficient generator of waves). 
If, however, the motion is rapid enough (and the phenomenon can be 
very easily illustrated by moving a piece of wood to and fro in water 
and noting the stage at which ripples appear), perceptible waves are 
formed. The forward movement of the surface compresses the air 
in front; and this, when it tries to expand back to normal dimen¬ 
sions, compresses the air in front of it, and so on. In fact, as a result 
of compressing the one layer of air, a compression travels forward 
away from the surface. (See Fig. 1.) Similarly, a rarefaction caused 
by the surface moving backward will also travel away from the 
surface. So it comes about that the surface, by moving backward 
and forward periodically, generates a series of compressions and 
rarefactions which travel outward. ^ The travelling compressions 
and rarefactions form a sound wave which, when it impinges on the 
ear, is heard because the alternating pressures which travel with it, 
though minute,* are sufficient to cause movements of the ear drum 

* The smallest alternating pressure that the ear can detect is less than 
1/1,000 dyne/sq. cm. This, put in terms of a barometer, means the ear detects 
a pressure change corresponding to 0*00000003 in. of mercury. 

1 
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which the auditory nerve can translate into the sensation of sound. 
We have considered only the transmission of waves in air, but the 
process is similar in liquids and solids. 

' Frequency. The number of times per second the vibrating surface 
goes through the complete cycle (that is to say, moves to the right, 
then to the left, and back again) is termed the freqiiency ofvibratioUt 
and is given as so many cycles per second (c.p.s.). A special symbol 
(written r^) is often used for “cycles per second”; thus 100 cycles 


I 

4 

I 

I 





Compression traviUmg 
to the right 


Fig. 1. Vibrating Surface Generating Compression Waves 


per second may be written “ 100^.” It will be seen from Fig. 1 that 
each time the vibrating surface goes through its cycle of movement 
it generates one compression and one rarefaction. If the frequency 
of vibration of the surface is 100 c.p.s., 100 compressions per second 
pass an observer some distance away. Hence we see that we can 
speak of the frequency of the sound wave, which is equal to the fre¬ 
quency of vibration of the surface which generated it. There will be 
many occasions in this book in which the frequency of a 'Vibration 
or of a sound wave is mentioned. 

The range of frequency to which the human ear is sensitive is not 
very defiqite. Roughly speaking, the audible range may be taken 
to lie between 20 and 20,000 c.p.s. The upper limit decreases mark¬ 
edly with advancing age. Animals, particularly the smaller ones, 
can hear sounds of considerably higher frequency than humans. 
Table I, which gives the frequency of some common sounds, may 
assist readers to appreciate the significance of frequency. 

A sound which consists of a single frequency is called a pure tone. 
It is rare for a sound to consist of a pure tone. Most sounds consist 
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TABLE I 


Characteristic Frequency of some Common Sounds 



Cycles 

Lowest note audible to average human ear . 

16 

Lowest note of large organ .... 

16 

Lowest note of piano ..... 

. - . 27 

Lowest note of bass voice .... 

80 

Hum of static transformer on 50-cycle supply 

100 

Fog horn .......' 

180 

Middle C (piano) ..... 

256 

Electric motor horns ..... 

500-1,000 

Highest note of soprano voice 

. 1,200 

Highest note of piano .... 

. 3,480 

Highest note audible to average human ear . 

. 20.000 


of a large number of pure tones, the intensity and frequency of 
which can be obtained by various means. 

Pitch. The musically minded will recall the connexion between 
the pitch and frequency of a note, namely, that the pitch rises as 
the frequency is increased. There are many simple numerical rela¬ 
tions between the frequencies of notes separated by common musical 
intervals: for example, if two notes are an octave apart in pitch, 
the frequency of the higher is twice that of the lower. A full 
account of these relations will be found in almost any standard 
textbook dealing with Sound. 

Wavelength. Another term besides frequency is required to 
describe a sound wave, namely its wavelength. In the case of a 
surface wave on water, the wavelength is the distance separating 
successive wave crests. A sound wave in air does not, of course, 
have any actual wave crests associated with it, because the air 
displacements are in the same direction as that in which the sound 
is travelling (see Fig. 1) instead of at right angles as in the case of a 
water wave. The wavelength is accordingly defined in a somewhat 
different, though analogous, fashion, namely as the distance between 
successive regions of maximum compression such as are shown at 
A and A* in Fig. 1. The distance A A' in Fig. 1 is accordingly the 
wavelength of the sound. 

Velocity Ol Waves. The velocity with which sound waves travel 
depends only upon the physical properties of the medium. It is 
shown in textbooks dealing with sound that the velocity (F) of a 
sound wave in a given medium is given by the formula— 



where E = the elasticity of the medium and d its density. Elas¬ 
ticity is the relation between the fractional deformation and the 
load per unit area which produces it, i.e. it equals the stress divided 
by the strain. “Stiffness” is a term which usually expresses the 
relation between the force applied and the actual deformation 
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which occurs. Unlike elasticity, therefore, it is not independent of 
the shape of the specimen. 

The velocity of sound in some common media is given in Table II. 


TABLE II 

Velocity or Soitnd in some Common Mejiia 


Medium 

Rubber . 

Air 

Cork 

Water 

Briokwork 

Steel 


Velocity of Sound 
{feet per second) 
100-200 
1,100 
1,600 
4,000 
. 12,000 
. 16,000 


The frequency, wavelength, and velocity of sound are all con¬ 
nected by the simple relation: wavelength equals velocity of sound 



Fia. 2. One Type op Flexural Wave in a Solid 
Solids in the fonn of rods or sheets can vibrate in this way. 

divided by its frequency. Thus for a given frequency, the greater 
the velocity of the sound the greater will be its wavelength. K 
sound passes from one medium to another in which the velocity is 
different, the frequency remains unchanged, but the wavelength 
will alter: for example, when sound passes from air to brickwork, 
its wavelength is multiplied approximately tenfold. 

Intensity of a Sound wave* The greater the extent of the pressure 
variations in a sound wave, the more intense is the sound. Inten¬ 
sity” is an expression sometimes used in a rather loose manner, 
but the word has a precise significance to the physicist in that the 
“intensity” of a progressive sound wave is defined as the rate of 
flow of acoustical energy through a unit area at right angles to the 
direction in which the wave is travelling. “Intensity” must not be 
confused with “loudness,” although the two are connected. This 
point is dealt with later. 

^^fpes of Wave Blotion* In air and water only one type of wave 
motion can occur, namely compressional (also called longitudinal) 
waves: these are the type illustrated in Fig. 1. In solids, on the other 
hand, flexural waves (see Fig. 2), in which the displacement is at 
right angles to the direction of motion, are also possible, since solids, 
as oppoi^ to fluids, have rigidity as well as compressional elasticity. 
There is very little difference between the properties of the various 
tj^s of wave. In a solid the velocities of the two types of wave 
motion differ because they involve different elasticities. 
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Behaviour of Sound Waves. Sound has many of the properties of 
light (which also consists of waves): it can be reflected (as an echo) 
and can be absorbed (just as light is absorbed at a dead-black 
surface). 

The reflection of waves can be observed by watching the progress 
of water ripples near an obstacle. The echo arising from reflection 
of sound can be readily observed by clapping or shouting at a fair 



Fig. 3. Waves Spreading into the “Shadow” Behind an Obstacle 

distance away from a building or belt of trees. In some cases 
reflection increases noise; in others, by creating a “sound shadow,” 
it reduces noise. 

Except in the case of high-frequency sound (for which the wave¬ 
length is short), oi*dinary obstacles do not cast the sharp-edged 
shadows which occur in the case of light. The difference, of course, 
arises from the minuteness of the wavelength of light. Sound 
shadows have diffuse edges, because sound, by virtue of its com¬ 
paratively large wavelength, can spread round corners. This phe¬ 
nomenon is termed diffraction. The explanation is too complicated 
to give here; perhaps it will suffice to show a diagram illustrating 
the effect (Fig. 3). The figure shows plane waves approaching a 
sharp-edged obstacle and spreading into the “shadow” region. 
The relation between size and effectiveness of an obstacle can be 
readily observed in the case of rippleS' on a pond. If they meet a 
small obstacle, such as a walking stick, the appearance of the ripples 
a few inches beyond the stick is scarcely affected by its presence. 
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A larger obstacle can be seen to cast a definite ''shadow.'* The 
significance of this effect in connexion with noise-reduction is 
explained later (Chapter XVI). 

Similar effects occur when sound falls upon an aperture. Waves 
falling upon and being transmitted by an aperture are shown dia- 
grammatically in Fig. 4. It will be noticed that the wave trans¬ 
mitted through the aperture spreads outwards into what would have 
been shadow in the case of light. 

Passage of Soimd from One Material to Another. We have so far 



Fio. 4. Waves Spreading into the “Shadow” after Passing 
THROUGH AN APERTURE 

tended to devote most attention to sound waves in air—a natural 
course, since this is the type of sound with which one is most familiar. 
Sound conducted through solid materials is, however, quite as im¬ 
portant a factor in the transmission of sound in buildings. 

An important question in this connexion is the degree to which 
sound can travel from one medium to another; to take an actual 
example, how easily is sound transmitted from brickwork to air ? 
When sound in one medium reaches a boundary and enters another 
medium, it splits up into two sound waves, one of which is reflected 
back again into the first medium, the other being transmitted into 
the second medium. The splitting of a wave train as it passes from 
one medium to another is shown in Fig. 5. It will be noticed that 
this figure, wljiich is taken from a photograph of high-frequency 
sound waves in liquids, also shows the phenomenon of refraction, 
namely that when sound passes between two media in which the 
velocities are different, the direction in which it travels is changed. 
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This phenomenon is, in the analogous case of light, responsible for 
the functioning of prisms and lenses. 

Transmission from one medium to another has been carefully 
studied,* and the relation between the sound intensities in two 
unlimited adjoining media is determined by what are known as the 
specific acovstic resistances of the two media in question. The specific 
acoustic resistance can easily be calculated for any given medium, 
since it is the product of the density of the medium and the velocity 
of sound in it. For ease of reference, the value of this quantity for 
various common materials is given in Table III. 


Incident 

mvetramT 




/ 


miectea 
wave inai/i 


N ^ \ 

^ ^ S ^ \ 

S N N 


y/// '// 

/ > y / / / 


/ / / / . . 

/ / y y y ^ ^ 
y X y y y y ^ 
y y / y y y y 
^ y / y y y ^ 


\ \ V / 

^ y y^ 


s X X V'v 


Xylol 


IVaier 


Fig. 5. Reflection and Refraction of Waves at the Surface 
OF Separation of Two Media 


TABLE III 


Specific Acoustic Resistance of Common Substances 


The specific acoustic resistance is the product of the velocity of 
sound (centimetres per second) and the density of the substance 
(grammes per cubic centimetre). 


Air .... 

00042 


Porous materials. 

00100- 

0.0400' 

Rubber . " . 

0-29 - 

0-66 

Cork .... 

1-2 


Water 

14-6 


Wood 

400 - 

50 

Brick.... 

. 800 - 

510 

Marble 

990 


Load .... 

. 1400 


Glass 

. 3640 - 

1200 

Steel .... 

. 3900 



Fig. 5 exhibits what is termed oblique incidence^ the sound falling 
at an angle to the surface of separation of the media. The mathe¬ 
matics of this are complicated, and are unnecessary for our present 
* See, for example, Eaylbioh: Theory of Sound (Maomillan & Co.). 
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purposes. As only a qualitative presentation of the facts is neces¬ 
sary, it will be sufficient to consider the very much simpler case of 
sound falling perpendicularly upon the surface of separation. 
This is illustrated in Pig. 6. If the specific acoustic resistances of the 
two media are and R 2 respectively and the sound is travelling 
from medium 1 to medium 2, it can be calculated that— 

Intensity of sound travelling in medium 1 
Intensity of sound entering medium 2 

(1+r) ^ 

4r 


Medium (Z) 


Medium (1) 


Fio. 6. 


Loss OF Intensity when Sound Crosses the Interface 
Separating Two Different Media 


where r = ratio of specific acoustic resistances = It will 

be found that the same formula is obtained if the diroction of the 
sound is reversed. 

We can take as a practical example the transmission of sound 
from air to water. As shown in Table III, the specific acoustic re¬ 
sistances of these materials are 42 and 146,000 respectively; hence 
only about 1/1,000 of the energy of the incident sound wave would 
enter the water. This is the reason that the shouts of surrounding 
bathers are completely cut off when one dives below water. 

The transmission losses which occur at the junction of two media 
are fortunate, for without them it is probable that buildings would 
be much noisier than they actually are. For example, sound from 
a hissing tap travelling through the water in the pipes is not easily 
conducted to the walls of the pipe and hence to the surrounding air. 
Similarly, only a fraction of the structure-bome sound travelling 
through the walls of a building is conducted to the air and heard, 
as may be verified by placing the ear against the wall of a building 
the structure of which is being hammered. 
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It should perhaps be pointed out that the transmission losses occur 
whatever the type of wave motion, whether longitudinal or flexural. 

The above formula applies only when both media are unlimited 
in thickness (the atmosphere and the ocean are sufficiently close 
approximations to this). It is more usual for one of the media to be 
comparatively thin—^for example, a brick wall. Fig. 7 represents 
an example of this state of affairs, medium 2 (e.g. a brick wall), of 
thickness t, being between two stretches of meffium 1 (e.g. air). 

It might be thought that because there is a certain transmission 



Fio. 7. Loss OP Intensity when Sound Passes through a Sheet 
OF A Different Medium 

loss when sound passes from medium 1 to medium 2 and a similar 
loss in passing from medium 2 to medium 1, one would get the loss 
twice over by using medium 2 in the form shown in Fig. 7, whereby 
it is ensured that the sound has to cross the surface between the 
two media twice. This is not the case. The explanation is, roughly 
speaking, as follows— 

On account of the difficulty of transmitting sound across the 
boundary between the two media, sound which has entered medium 
2 is, so to speak, trapped within it. It consequently builds up until 
the vibration within medium 2 is sufficient to ensure that the sound 
entering it equals the sound leaving it from its two surfaces. On this 
basis a theoretical formula for the transmission through a layer of 
a different medium has been calculated.* 

Transmission Loss due to a Change in Area. Transmission losses 
similar to those which occur at a change of medium occur also at 
a change of area of the medium. For example, if sound is travelling 
along a tube (a practical case would be a ventilating duct) and it 

* See A. H. Davis : Modem Acouatusa. 
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reaches a point at which the cross-section changes (becoming larger 
or smaller), reflection occurs and only part of the sound energy is 
transmitted beyond this point. The formula expressing the trans¬ 
mission loss is as follows— 

Intensit y of sound waves approa ching the change of section 
Intensity of sound waves leaving the change of section 
^ (m + 1)« 

4m 

where m is the ratio of the areas of cross-section. 

The similarity of this formula to that for the loss at a change of 
medium will be apparent. As an example may be considered a 
ventilating duct the area of which changes abruptly from J sq. ft. 
to 2 sq. ft.: the transmitted sound intensity would be only about 
two-fifths of the incident sound intensity. Formulae for the loss of 
intensity produced by several consecutive changes of cross-section 
can be obtained from text-books.* 

Sounding-board Effects. There is one other effect which may be 
considered briefly, namely reinforcement by what might be termed 
the sounding-board effect. If a source of vibration has a small area 
it causes little airborne sound; if, however, it is mechanically 
connected with a large area which is easily moved, the volume of 
airborne sound can be greatly enhanced. Examples are to be found 
everywhere: possibly a musical instrument such as a piano gives 
one of the best illustrations. The vibration of the wires can generate 
little sound, on account of their small cross-section: the vibration 
is rendered audible by the large sounding board to which they are 
secured. The principle has practical importance in reducing noise 
in buildings: it is a bad practice, for example, to fix an electric 
motor rigidly to a wood panel or even to a wall or floor, as these 
would act as sounding boards. 

T 3 nidall has shown a very interesting experiment which illustrates 
this effect and also illustrates the conduction of vibration along 
solids. The description given in his textbooks of sound is so 
clear that we reproduce it here— 

“We are now prepared to appreciate an extremely beautiful 
experiment, for which we are indebted to Professor Wheatstone 
and which I am now able to make before you. In a room underneath 
this, and separated from it by two floors, is a piano. Through the 
two floors passes a tin tube in. in diameter, and along the axis 
of this tube passes a rod of deal, the end of which emerges from the 
floor in front of the lecture table. The rod is clasped by india-rubber 
bands, which entirely close the tin tube. The lower end of the rod 
rests upon the sound board of the piano, its upper end being exposed 

* See A. H. Davis ; op, cU ,; also G. W. Stewart and R. B. Lindsay : 
AcouoHcs, 
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before you. An artist is at this moment engaged at the instrument, 
but you hear no sound. I place this violin upon the end of the rod: 
the violin instantly becomes musical—not, however, with the vibra¬ 
tions of its own strings, but with those of the piano. I remove the 
violin, the sound ceases; I put in its place a guitar, and the music 
revives. For the violin and the guitar I substitute this plain wooden 
tray: it also is rendered musical. Here, finally, is a harp, against 
the sound board of which I cause the end of the deal rod to press: 
every note of the piano is reproduced before you. I lift the harp so 
as to break its connexion with the piano: the sound vanishes; but 
the moment I cause the sound board to press upon the rod, the music 
is restored.** 

Detection and Measurement of Sound Waves. Sound waves in 
air are detected and measured in. a variety of ways. Excluding 
the ear, which although a sensitive sound detector is not a good 
measuring instrument, a microphone is the most common method 
of observing and measuring sound. Usually the microphone depends 
for its action upon the motion of a thin sheet of material when 
exposed to the minute pressure changes in the sound wave, the 
mechanical oscillations being converted to electrical oscillations by 
appropriate means; the electrical oscillations can then be amplified 
and measured. There are also other devices such as the Rayleigh 
disk, which is only suitable for specially equipped laboratories and 
which is used for calibrating microphones. 

Sound waves in liquids can be detected photographically, but 
more usually a microphone is used. In the case of acoustical depth¬ 
sounding at sea, in which measurement of the time taken for a sound 
wave to travel from the ship to the sea bottom and back again 
provides a means of determining the depth of the sea, microphones 
constructed of quartz crystals are used. The deflection of the quartz 
by the pressure due to the sound wave creates small changes of 
electric potential, which can be amplified and used to detect the wave. 

Waves in solids are observed by vibration detectors: a gramo¬ 
phone pick-up is an example of such a detector, though the instru¬ 
ments usually employed are constructed somewhat differently. 

It is also possible, besides measuring the intensity of the sound 
as a whole, to determine the intensity (and frequency) of each indi¬ 
vidual component. Alternatively, the intensity of any desired 
frequency ranges can be measured, as shown in Fig. 8, for various 
noises. Such measurements, or noise analyses, are valuable in all 
kinds of noise-reduction problems, as will become apparent in the 
following chapters. 

Intensity and Equivalent Loudness: the Decibel and the Phon. The 

intensities of common sounds vary over a very wide range, and it 
is remarkable that the ear should be able to respond to such varia¬ 
tions. For instance, at medium frequencies the intensity of very 
loud sound, such as a pneumatic road drill at close quarters, is ten 
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times that of a just-audible sound. A convenient method of ex¬ 
pressing such a ratio is supplied by a logarithmic scale, which is 



FREQUENCY IN CYCLES PER SECOND 



Fio. 8 . Analyses of some Common Noises 

(а) Physical analyses of typical New York street noises. 

(б) Physical analyses of various noises. 

often used in other branches of physics. Through the use of such 
a scale the frequently mentioned but less frequently understood 
unit, the decibel (abbreviated as db.), has come into being. The 
relationship between two sound intensities, expressed in decibels, 
is ten times the common logarithm of their ratio. Thus a ratio of 10 
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is equivalent to 10 db., 100 is equivalent to 20 db., 1,000 to 30 db., 
and so on. A table enabling numerical ratios to be converted to 
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Fig. 8 — (cotUd,) Analyses or some Common Noises 

(e) Average preesuree per ft^queiicy interval of 1 c.p.s. (piano selection of Liszt’s 
"Hungarian Enapsody No. 2"—average total pressure, 3*5 ban). 

id) Average speech pressures per frequency inten^al of l c.p.8. (normal conversa¬ 
tional voioe—Hiistance, 2 In.). 

In each figure relative values of the intensity (in logarithmic units) in various frequency 
ranges can be seen (the absolute values of the intensity need not detain the reader). 
In (a) and (6) it will be noticed that the ranges are: less than 500, 600<-l,500, 
1,500->3,000, and above 3,000 c.p.B., while in (e) and id) the ranges are smaller. 


decibels and conversely is given at the end of this book (Table 
XXVII). It is important to notice that the decibel unit applies 
only to ratios. A sound intensity is sometimes loosely expressed 
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in deoibels» but this alwa 3 rs should be understood as decibels 
above a certain zero.” Usually the zero chosen is one which 
approximates to the limit of audibility. 

We have so far dealt only with the intensity of a sound: this is 
a physical quantity which is easily measured as described earlier. 
In questions of noise in buildings, however, we are more directly 
concerned with the sensation of loudness experienced by the ear 
when stimulated by the aerial sound wave. The sensation of loud¬ 
ness is related to the intensity, but the relationship is by no means a 
simple one. To begin with, the ear reacts differently to sounds of 
the same intensity but differing in pitch. The first step in simplify¬ 
ing the position is to choose arbitrarily a pitch to serve as standard, 
1,000 being usually chosen for the purpose. Then the loudness of 
sounds of other frequencies is matched against the loudness of the 
1,000 sound. There are two methods of doing this—the subjective 
and objective methods. These are closely analogous to the methods 
commonly used for determining the candle-power of lamps. The 
subjective method, in which the loudness is assessed by determining 
the intensity of a standard 1,000-cycle note which appears to the ear 
to be as loud as the noise in question, is analogous to determining the 
number of standard candles necessary to provide the same illumina¬ 
tion as the lamp in question. The objective method, in which the noise 
is picked up by a microphone, the output of which is determined by 
the aid of a valve amplifier specially made to simulate the characteris¬ 
tics of the human ear, is analogous to the photometers which employ 
photo-electric cells with colour filters to simulate the characteristics 
of the eye. Just as in photometry we endeavour to express the 
illumination obtainable from a lamp (whatever its colour) in terms 
of the illumination from a lamp of standard colour, so do we express 
the loudness of a noise (whatever its frequency or composition) in 
terms of the loudness of a noise of standard frequency. Correspond¬ 
ing to the accepted unit of illumination, viz. the foot-candle, there 
has been adopted a unit of “equivalent loudness ” termed the phon.’^ 
In other words, the phon scale is used to get over the difficulty that 
sounds of the same intensity but different frequency do not sound 
equally loud to the ear. For a full definition of the phon, readers 
are referred to the British Standard Glossary of Acoustical Terms 
and Definitions, Briefly, the phon scale is related to the decibel 
scale in the following way: If a noise is as loud (under certain 
conditions) as a 1,000-cycle pure tone of intensity n db. above 
an agreed zero near the threshold of audibility, then the noise has 
an “equivalent loudness” of n phons. It should be explained that 
the word **equivalent” is for shortness’ sake often omitted in the 
literature of the subject (including later sections of this book). 

The variation of ear sensitivity with frequency deserves closer 

* Mr. L. S. Lloyd, in his book. Decibels and Phons, develops an interesting 
musical analogy to explain the relation between the two units. 
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study. It is, for example, a matter of common observation that 
sounds can be too low or too high in pitch to be heard. Some people 
put the lowest notes of an organ in the former category (the 32 ft. 
pipes on a certain large organ were once described as an expensive 
draught), while the sound made by some insects is usually quoted 
as an example of the latter (the cricket for instance, is often in¬ 
audible to elderly people who are not otherwise deaf). Between 


Sta-ndard 



Fig. 9. Curves showing how the Intensity of a Soitnd must 
BE Varied as the Frequency Changes if the Loudness 
Sensation is to Remain Constant 


these two limits the ear sensitivity increases as the region of 3,000- 
4,000 c.p.s. is approached. The curves reproduced in Fig. 9, obtained 
by Fletcher and Munson,* show how the intensity of the sound 
must be varied as the frequency changes if the apparent loudness 
is to remain constant. Only within a limited range (represented by 
the dotted line in Fig. 9) is the equivalent loudness in phons roughly 
equal to the intensity in decibels above zero. Each curve gives 
the intensity of sound of a specified frequency which is necessary 
to attain the loudness marked on the curve, and it will be noticed 
how very much more sensitive the ear is to quiet sounds of medium 
pitch than to notes of high or low pitch. 

Another important fact is disclosed by the above curves. It will 

* H. Fletcher and W. A. Munson: Jonm. Acouat. Soc, Amer., Vol. 5, 
p. 82, 1933. 
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be seen that the ourves are spaced farthest apart in the mediiun- 
frequenoy region. This indicates that to change from one loudness 
to another a greater intensity change is required at medium fre¬ 
quencies than at high or low frequencies. In fact, it appears that 
whereas for frequencies in the neighbourhood of 1,000 c.p.s. a 1 db. 
change of intensity is by definition a 1 phon change of loudness, in 
the neighbourhood of 100 c.p.s. the same intensity change is appre¬ 
ciated as about 1| phons change in loudness. The fact has important 
consequences in noise-reduction problems, for it happens that most 
sound-reducing treatments produce the smallest reductions of 
intensity at low frequencies (for example, absorbent treatment or 
soundproof walls). The peculiarities of the ear mentioned above do, 
however, provide a valuable degree of compensation for this effect. 

Loudness Sensation Units. While it is not so difficult to match up 
sounds of equal loudness but varying pitch, it is a matter of consider¬ 
able difficulty to listen to a sound of constant pitch but varying 
intensity and decide how the sensation of loudness varies with the 
intensity. Yet this is very important, for the whole practice of noise- 
reduction depends upon this charac^ristic of the ear. Early work 
led to the conclusion that the response of the ear was proportional 
to the logarithm of the intensity, in other words proportional to 
the intensity as given in decibels, but further investigation showed 
that this was an extremely rough approximation. There have been 
various attempts at compiling a scale of loudness sensation, and while 
no finality has yet been reached on this point, probably the most 
useful scale for our purpose is one proposed by Churcher* in con¬ 
nexion with industrial noise measurements (See Fig. 10). This scale 
has been established by ascertaining the change of sound intensity 
to halve or double the apparent loudness. The actual magnitude 
of the loudness sensation units chosen has no special significance, 
being chosen for convenience. For practical purposes, the following 
simple approximate formula has been suggested by Churcher for 
use instead of the curve in Fig. 10— 

Number of loudness sensation units = p® x 10~* 

where p is the “equivalent loudness” in phons. 

For illustration. Table IV gives the equivalent loudness of some 
commonly occurring noises in phons, with the corresponding loud¬ 
ness sensation units. 

This table may be taken as a general guide, but it should be 
remembered that the loudness sensation scale is an attempt at a 
subjective assessment, which is a very difficult matter to reduce to 
a numerical quantity. The table shows quite clearly, however, that 
a given change of loudness in phons produces a much grekter effect 
at high noise levels than at low, thus a few phons reduction in the 
loudness of a pneumatic drill is a welcome improvement, while the 
* B. Churcher: Joum. Acoust. Soc, Amer,, Vol. 6, p. 216, 1935. 
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Fig. 10. A Loudness Scale fob Industrial 
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TABLE IV 

Equivalent Loudness and Loudness Sensation Units 


Noise 

Phons 

Loudness 

Sensation 

Units 

Turning over newspaper 

40 

1 

Quiet radio 

50 

3 

(General conversation 

60 

8 

Average radio 

1 70 

14 

Noisy t 3 q)ing office 

80 

33 

Heavy traffic 

! 90 

59 

Near loud motor horn 

j 100 

100 

Near pneumatic drill 

; 110 

161 

Near aero engine . 

' 120 

248 

Pain in the ear 

! 130 

i 425 


same change in the loudness of a small ventilating fan would not be 
nearly so noticeable. A convenient fact to remember is apparent 
from the table, namely that for sounds of medium loudness an 
increase of 10 phons approximately doubles the loudness sensation. 

Table IV presents very vividly the problem confronting, say, 
the designer wishing to reduce the noise in a room full of machines. 
To halve the loudness sensation it would be necessary to obtain a 
reduction of about 10 phons, that is to say, the intensity of noise 
emitted by each machine would have to be reduced to one-tenth, or 
the number of machines in the room would have to be reduced to 
one-tenth. Even halving the intensity of the noise would reduce the 
loudness by 3 phons only, which though appreciable at high levels, 
is not a spectacular reduction in loudness sensation. 

The ear has another property which should be borne in mind when 
dealing with noise-reduction problems, namely that there is a limit 
to the smallness of the change of loudness which can be detected. 
This is about 3 phons at low noise levels, about 1 phon at medium 
levels, and at high levels is a fraction of a phon. 

Resonance. One more phenomenon must be discussed before 
this chapter is brought to a close. This is the phenomenon of re^on- 
ance. Many illustrations of resonance occur in daily life: very good 
examples can be observed in cars (provided they are not too well 
made). In an average car it can nearly always be noticed that there 
are certain speeds at which certain parts of the car buzz or rattle: 
the gear lever may vibrate violently at one speed and a loose ash tray 
at another. Frequently quite a small change of speed will stop the 
vibration. These are examples of resonance. Another example, 
which the builder and architect will appreciate, is the way in which 
a scaffold plank wUl vibrate to an almost dangerous extent if the 
person walking on it steps at the right frequency. Analogous to this 
is the resonant vibration of a bridge when walked upon, particularly 
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a suspension bridge. It is usual, on this account, to give orders for 
soldiers to break step when marching across a bridge. The danger of 
this type of resonant vibration was demonstrated in 1831, when a 
suspension bridge at Broughton, near Manchester, gave way while 
a party of soldiers was marching over it. 

Resonance effects may occur whenever an alternating force is 
applied to a system which is capable of vibration, i.e. possessing 
mass and stiffness. To fix our 
ideas, we may consider the simple 
system consisting of a weight sus¬ 
pended on a spring (Fig. 11). If the 
weight is deflected from its natural 
position of rest and is then released, 
it will execute vibrations of a 
definite frequency, which is deter¬ 
mined by the mass of the weight 
and the stiffness of the spring, but 
which does not depend on the 
magnitude of the deflection. The 
frequency of vibration in cycles per 
second of a weight of m lb. sus¬ 
pended on a spring which requires 
a weight of W lb. to deflect it 1 in. 
is equal to 3*17 '\/(Wlm), This 
frequency is called the natural —r 

frequency of vibration of the system. Position of j AmoUtud^ oP 
and the vibrations are called free J Motion 

vibrations. If, however, instead of J ^ 

simply releasing the weight it is ^_J_ 

driven by an alternating force, the •--^ 

resulting vibration is termed forced Fio. ll. Vibration of a Weight 
vibration, (In the case of the bridge. Suspended by a Spring 

the alternating force is supplied by 

the regular footfalls of the soldiers, and the resulting forced 
vibration is measured by the extent of the up-and-down motion of 
the bridge.) 

If now, the force being kept constant, the amplitude of motion 
(i.e. its maximum displacement from its position of rest) of the weight 
is plotted graphically as the frequency of the alternating force is 
varied, a curve similar to that in Fig. 12 will be obtained. The 
greatest amplitude will result when the frequency of the force 
approximately equals the natural frequency of vibration of the 
S 3 r 8 tem. This is a general condition for the occurrence of a resonance. 

The importance of resonance effects will appear in many wa}^ in 
subsequent chapters; at this stage it is unnecessary to do more 
than make the general remark that whenever a resonance occurs, 
the disturbance of the S 3 rstem will usually be very much more than 
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it would have been had the frequency of the applied force not been 
approximately equal to a natural fr^uency. 

The magnitude of the resonance amplitude is determined by the 
size of the dissipative forces (friction, etc.) which are always associ¬ 
ated to a greater or less extent with vibrating systems. In the case 
of a weight suspended on a spring and vibrating in free air, the dis¬ 
sipative forces would almost certify be small (since for all practical 
purposes they would be supplied by the air only). If the same s 3 rBtem 

Reso/ianci ampiitud$ when 
fnqutnc^ oPapptiid Ponce 
equals tmiura! Pnequencu 
oP stfsiom 



Haiurai frequency of system 
Frequency of applied alternating force — » 


Fio. 12. Resonance Cubve 

were immersed in oil, the viscosity of this material would cause a 
marked increase in the dissipative forces, and it is important to note 
the effect of this upon the resonance. It can be shown theoretically, 
and it is confirm^ by common experience, that the greater the 
dissipative forces, the smaller is the resonance amplitude. For this 
reason these forces are spoken of as having a damping effect. In 
Fig. 13 resonance curves are drawn for three different degrees of 
damping. 

It will be seen that the greater the damping, the less is the differ¬ 
ence between the magnitude of the resonance amplitude and of 
amplitudes for other frequencies of vibration. In other words, the 
greater the damping, the less marked is the resonance. It should, 
perhaps, be pointed out that the damping produces this affect by 
decreasing the amplitude of vibration at all frequencies, and par¬ 
ticularly for frequencies at or near the natural frequency of the 
system. There is no question of the vibration at frequencies away 
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from the resonance being increased by the damping as is sometimes 
thought. 

So far we have spoken of vibrating systems which have only one 
natural frequency of vibration. This state of affairs is actually quite 
uncommon, and it is more usual for systems to have a large number 



Fio. 13. Resonance Curves for Three Different Degrees of 

Damping 


of resonance frequencies, some of which, quite possibly, are more 
important than others. A typical example is a metal plate. The 
fact that this has a number of resonances can be heard when it is 
struck: the discordant nature of the sound emitted shows that a 
number of notes (each due to some particular resonance) has been 
excited. This may be compared with the note from a tuning fork, 
which is designed so that one resonance predominates. The reason 
for the large number of resonances is that a plate, unlike a weight 







Fiq. 14. Chladni's Fioubbs 
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on a spring, can vibrate in a number of diflEerent ways. More or less 
complicated bending takes place, with the result that some parts of 
the plate move one way, others move in an opposite direction, 
and parts between are motionless. This was first shown by Chladni, 
whose name has been given to the beautiful vibration patterns 
which can be obtained from vibrating metal plates. Chladni con¬ 
ceived the idea of sprinkling sand on a vibrating plate, and since 
the sand naturally collected on the parts of the plate which were 



Fio. 15. Response of a System Possessing Severai. Resonances 

motionless, he was able to study the form in which the plate vibrated. 
A selection from the patterns obtained in this way is shown in 
Fig. 14. Similar patterns obtained for a brick wall vibrating under 
the influence of sound falling on it are shown in Fig. 86. 

The large number of resonances possessed by metal plates is typi¬ 
cal of vibrating systems: one can instance the resonances of a violin 
string and the air in an organ pipe, in this connexion. These reson¬ 
ances, as musicians will appreciate, determine the character or 
“timbre” of the note of a musical instrument. The lowest natural 
frequency is termed the fundamental frequency, the remainder being 
termed overtones or merely upper resonances. In the neighbourhood 
of each resonance the relation between the response and the fre¬ 
quency of the driving force is similar to that shown in Fig. 12. for 
the case of a single resonance. As a consequence, the response 
curve of a S 3 rstem possessing several resonances is somewhat as 
shown in Fig. 15. 


a~(T.95) 




CHAPTER II 

THE PROBLEM OF NOISE-REDUCTION IN BUILDINOS 

The purpose of this short chapter is to make one point only, namely 
that reducing noise in a building is a problem which needs to be 
tackled systematically. It is, of course, possible to apply treatment 
in a haphazard fashion and achieve a measure of success. It must 
often happen, however, that the treatment (applied maybe on the 
advice of a salesman or advertisement) has practically no effect, 
and a new treatment has to be applied or the problem abandoned. 
Most architects will have met cases in which a number of noise-reduc¬ 
ing treatments have been tried one after the other with little success. 
For the best results, each problem should be studied individually. 
Even if a particular treatment has proved successful in one set of 
circumstances, it may prove strangely unsuccessful in an apparently 
similar set of circumstances, and the reason for the failure may not 
emerge until a careful quantitative study has been made of the 
various factors involved. 

In designing a large building in which noise-reduction is an import¬ 
ant matter, the busy architect will probably prefer to call in a special¬ 
ist for assistance in some aspects of the problem. Better results are 
likely to be obtained, even in such cases, if the architect has a good 
general knowledge of the principles involved. Ordinarily, however, 
no great subtlety is called for in dealing with noise problems, and a 
knowledge of the general principles should enable an architect to 
deal with most, if not all, of the problems which come his way. 

It is perhaps relevant to point out here the value of a scientific 
study of buil(fing problems. The experience which an architect gains 
during his career is an extremely valuable foundation upon which 
to base future designs. There can be no doubt, however, that it is 
important from every point of view that this experience should be 
supplemented with reliable information concerning building methods 
and materials. The need for such information is one of the reasons 
for the establishment of research institutions such as the National 
Physical Laboratory and the Building Research Station. These 
institutions are in a position to determine the value of proposed 
constructions, to carry out extensive investigations with the object 
of ascertaining fundamental principles, and to collate the informa¬ 
tion obtained from the numerous other laboratories interested in 
problems of building construction. It should be added that the 
information so obtained is normally freely available to all inquirers. 

Qhoioe of a Sound-insulating Constraetion* Certain recommenda¬ 
tions have been made, principally in connexion with housing schemes, 
as to the minimum acceptable degree of sound-insulation in certain 
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positions (see Chapter XVI). In some other countries recommenda¬ 
tions or legislation had been made prior to 1939 on similar lines; 
these are included in Chapter XVIII for the sake of interest. The 
chief aim of this book, however, is to set out clearly the effects of 
the various factors which influence sound insulation, so that where 
past experience has shown insulation to be defective, the steps 
which should be taken to effect an improvement will be known. 
A knowledge of these factors also makes it possible to avoid those 
errors of design and faults in construction which prevent the 
attainment of the maximum possible insulation. 

General Methods of Reducing Noise in a Building. Building noise 
may originate as a structural vibration, e.g. impacts on a wall or 
floor, or as an air vibration, e.g. sound from a loudspeaker. Corre¬ 
spondingly, noise can be conducted from place to place either 
through the structure (structure-borne sound) or through the air 
(airborne sound). Although there are cases in which noise is con¬ 
veyed about a building purely as airborne sound, e.g. through a 
ventilating duct, it is more usual for the conduction to be partly 
through the structure and partly through the air. A simple example 
is transmission through a wall; the sound originates in the air, is 
conducted through the air to the wall, passes as structure-borne 
sound through the wall, and reappears as airborne sound on the 
other side. A rather more complicated example would be trans¬ 
mission of sound from a room through the structure of the building 
to a distant room. 

Noise problems as met by the architect are almost certain to lie 
within one of the following three groups— 

1. Preventing noise from entering a building. 

2. Preventing noise from leaving a building. 

3. Preventing noise from being transmitted from point to point 
within a building. 

In the short table below, the broad lines which treatment should 
follow are set out. It will be noted that there is a close relationship 
between the treatments in the three cases. 

1. Preventing Noise from Entering a Building, 

(а) Select the site and plan the building with a view to minimizing 
the need for special sound-insulating measures. (See Chapter III.) 

(б) Take steps to impede transmission of airborne sound. (See 
Chapters V, VIII, IX, X, XI, XII.) 

(c) Take steps to impede transmission of structure-borne sound. 
(See Chapters VI and XIV.) 

2. Preventing Noise from Leaving a Building, 

(а) Select the site and plan the building with a view to minimizing 
the need for special sound-insulating measures. (See Chapter III.) 

(б) Reduce noise at the source. (See Chapter IV.) 

(c) Take steps to impede the transmission of air-bome sound. 
(See Chapters V, VIII, IX, X, XI, XII.) 
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(d) Take steps to impede the transmission of structure-borne 
sound. (See Chapters VI and XIV.) 

The subject is dealt with as a whole in Chapter XVI. 

3. Preventing Noise from being Transmitted from Point to Point 
within a Building, 

(а) Plan the building so as to minimize the need for special sound- 
insulating measures. (See Chapter III.) 

(б) Take steps to reduce the noise in question at the source. 
(See Chapter IV.) 

(c) Take steps to impede the transmission of airborne sound. 
(See Chapters V, VIII.) 

(d) Take steps to impede structural transmission of sound (includ¬ 
ing transmission along water pipes, etc.). Included in this section 
is the prevention of transmission through floors of noise due to 
footsteps. (See Chapters VI, VII, XIII, XIV.) 

(e) Reduce sound originating as airborne sound and transmitted 
through the structure, e.g. sound transmitted through walls. (See 
Chapters IX, X, XI, XII, XIII, XIV.) 

The above table, while convenient for laying out the lines upon 
which sound-insulation treatment can be provided, does not provide 
a suitable basis for discussing the treatments. The book has accord¬ 
ingly been planned to deal with the insulated building member by 
member; doors, windows, and walls for example each receiving 
separate chapters. 

It is hoped that once the principles governing insulating treatment 
of the various members of a building have been described and have 
been illustrated with practical examples it will be possible for 
adaptations and special designs to be evolved for each problem which 
is encountered. 

Finally, and this cannot be said too often, prevention is better 
than cure. Alterations which are simple while the building is still 
at the drawing-board stage may become very expensive once the 
building is erected. 



CHAPTER III 

PLANNING TO AVOID NOISE IN BUILDINOS 

The greater part of this book is concerned with the special treat¬ 
ments which can be used for dealing with noise problems. While in 
existing buildings such treatment may be unavoidable, new buildings 
should be designed so that special insulating treatment is required 
at as few points as possible. Such treatment almost alwayTs involves 
additional expenditure and in any event cannot be relied upon as 
a complete cure for noise problems, its efficacy being usually 
limited. Some treatment will almost inevitably be required in any 
building, but its extent can be kept down by skilful planning and 
by selecting quiet equipment. Planning is discussed in the present 
chapter, and quiet equipment in the next. 

It is not intended to discuss comprehensively the lines which 
good planning should follow—the subject is too intricate for this 
to be done. The most that is aimed at is to call attention to the need 
for careful planning and to describe a few simple points which should 
be borne in mind when designing a building. Doubtless many others 
drawn from his own experience will occur to the reader. 

Selection ol Site. Bacon wrote: '' He that builds a fair house upon 
an ill seat, committeth himself to prison’^—a saying no less true of 
noise than of other evils. Planning of a quiet building should, in 
fact, commence when the site is being selected. Here it is of the 
first importance that local town planning authorities should be 
consulted to discover any projected schemes for the area concerned 
or for any adjacent area. It may well be that an undeveloped site 
may adjoin a projected industrial trading estate, arterial road, air¬ 
port, or other source of noise. If, on the other hand, assurances are 
received from the authority concerned that the area is scheduled 
as a purely residential area, the developer may rest assured that 
future neighbouring developments will not be a source of 
disturbance. 

In the case of built-up areas, a noise survey may help in the choice 
of a site, though no well-defined noise limits appear yet to have been 
laid down. Only one authority seems to have expressed an opinion 
regarding noise levels of sites suitable for different types of budding: 
it is suggested that 40-50 phons is suitable for a residential quarter, 
60-70 phons for business quarters, while 80-90 phons is to be 
expect^ in industrial areas."^ 

• ♦ *'Da8 larmfreie Wohnhaus,” Fachauachusa fiir Ldrmminderung beim 
Verein detUscher Ingenieuret Berlin. (The noise levels given above have been 
oorreoted to the international scale.) 
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It often happens that of necessity a building has to be placed near 
a railway, busy road, or other source of noise. In such cases a site 
which offers a natural screen, such as a belt of trees or an existing 
building, is to be preferred. The effect of sound shadows cast by 
buildings has been studied by Cockcroft and Brookes,* who have 
given figures for the considerable reductions in noise levels which 
can be obtained in this way. In addition, they showed that the 
noise level 120 ft. away from a busy road was about 32 phons less 
than the noise level in the road itself. In theory, there will be a 



Fig. 16. Reflection^ of Sound from a Building Opposite 
MAY Cause Unnecessarily Noisy Conditions at the Window 
Face of the Building Concerned 

reduction of 6 db. in the intensity of a noise emitted from a point 
source every time the distance from the source is doubled. In prac¬ 
tice the reduction will usually be less than this on account of re¬ 
flection of sound from hard road surfaces and so on. The value of 
placing the buildings as far as possible from the source of noise is 
obvious. Positions on main roads near a bus or tram stop, or on 
comers or hills where much stopping or gear-changing occurs, are 
likely to be particularly noisy. Sites near aircraft stations, where low 
flying is to be expected, are be.st avoided altogether. 

Sites facing open ground are to be chosen in preference to those 
facing high buildings, for sound reflected from the building opposite 
will probably cause unnecessarily noisy conditions at the window 
face of the building concerned. (See Fig. 16.) 

Flamiiiig to Avcil Entry ol Noise from Outside. The planning of 
the building to exclude noise commences when the layout of the 

* J. D. CooKOBorr and A. M. P. Brookes: Journ, RJ.B,A., Vol. 42, 
p. 1048, 1935. 
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site is considered. One feature which should be given attention is 
the position of the access roads. These should be arranged so that 
traffic does not pass near rooms in which quiet is desired; another 
device is to provide several roads so that the traffic along any one 
road is thinned out. This was done in the flat group shown in Fig. 17. 
In planning a large site such as a housing estate, a cul-de-sac type 
of development may be used, both to prevent through traffic, and 
also to ensure that most of the houses face the access roads rather 
than a main road. From the point of view of amenity (including 



Fio. 17, Group of Flats Laid Out to Obtain Screening from 
Road-TRAFFIC Noise 

quietness) this type of development is far preferable to ribbon 
development. 

Several noise-reducing features are commonly used in planning 
the building itself: setting the rooms back behind a balcony which 
affords a degree of screening against noise coming from below is an 
obvious example (see Fig. 18); .projecting balconies, however, are 
inadvisable, since they may reflect sound into the window below. 
If windows facing a source of noise are necessary for natural lighting, 
alternative means of ventilation should be provided so that the 
windows may be of sound-insulating construction. Providing rooms 
on the top floor with ceiling lights for ventilation.instead of opening 
windows in the wall is another example; planning the buildings 
so that only unimportant rooms or corridors, which act as buffers, 
are on the noisy side is yet another. 

The central court type of plan may be sometimes useful but should 
be used with discretion; in blocks of flats for instance considerable 
noise may be made in the court by children playing, tradesmen 
calling and so on; also radio emerging from the windows of one room 
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overlooking the oourt can disturb all the other rooms similarly 
situated. 

Planning to Prevent Internal Noise Problems. Care in planning 
can be particularly valuable in avoiding disturbance caused by 
noise of internal origin. Common internal sources of noise are lifts, 
kitchens, garages, water services, and ventilating systems, and, 
of course, the more formidable noise caused by the occupants. 
Under the latter heading comes the noise of footsteps, dancing, con¬ 
versation, loudspeakers, musical instruments and office machinery. 



Fig. 18. Method of Reducing the Noise heard from Traffic 
BY Introducing a Setback in the Building Elevation 

Some of the noise in a building arises from traffic to and from the 
various rooms, and this can be reduced by providing entrances to 
staircases and lifts with lobbies fitted with self-closing doors. The 
noise heard in any one room is then mainly due to that arising in 
the corridor which serves that room. Noise in the corridor can be 
reduced by measures advocated elsewhere in this book, such as suit¬ 
able sound-absorbent treatment and heavy carpets. 

Lift shafts should not adjoin rooms in which quiet is desired, 
since there is almost always a certain amount of mechanical noise 
associated with, the movement of the lift car; for this reason service 
rooms and the like are placed next to the lift. Plumbing should not, 
for similar reasons, be rigidly attached to bedroom walls, and bath¬ 
rooms and water-closets should not adjoin habitable rooms unless, 
of course, the bathroom forms a part of a private suite of rooms. 
The flushing tank of a w.c. suite should not be fixed to the wall of 
a habitable room, nor should the water-closet be above a living- 
room. It has been suggested that the floor of the water-closet should 
not be continuous with that of adjoining habitable rooms. In 
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hospitals, for instance, lavatories may be grouped vertically in a 
structurally separate section of the budding. 

As regards noise arising from the occupants of the building, the 
general principle to be followed is to place rooms which are likely 
to be noisy as far as possible from those which are to be quiet. At 
the risk of appearing elementary, it may be pointed out that this 
applies to vertical as well as horizontal juxtaposition. The problem 
is possibly not so difficult to solve in offices as in flats. In the latter 
it is more important to plan so that the noise in one flat will not be 



(C) 


Fio. 19. Planning to Minimize Disturbance from 
Adjoining Flats 

a nuisance in neighbouring flats than to plan individual flats so that 
noise made, for example, in a living-room cannot be heard in a bed¬ 
room of the same flat. The reason is, of course, that it is generally 
easier for occupants of individual flats to control noise arising in the 
same flat than that arising in a neighbouring one. 

It is generally agreed that flatus are best planned so that party walls 
between neighbouring flats separate bathrooms, service rooms, or 
the like; the next best scheme is for the party wall to separate bed¬ 
rooms. In the latter case, a cupboard built against the wall for its 
full height provides a useful buffer. (See Fig. 19.) It is obviously 
undesirable to plan so that the party wall divides a bedroom from 
a living-room, as even a 9 in. brick wall is considered inadequate to 
afford protection against the noise of radio at the strength usually 
preferred. Living-rooms in one flat should be above and below 
living-rooms rather than bedrooms of other flats. 

Fig. 20 shows a well-planned block of flats containing several 
interesting features. 

Internal noise in flats can be prevented to some extent if the 
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Fig. 20. A Well-planned Block of Flats 
The following features should be noticed— 

In each fiat 

1. All noisy rooms (service, bath, lift, etc.) are grouped together and are separated 
from most of the bedrooms and living-rooms by a corridor. 

2. The windows of the bedrooms and living-rooms do not face the noisy rooms. 

In each pair of flats 

1. The bedrooms and living-rooms are well separated from those of the adjoining 
fiat by service rooms and corridors. 

2. The windows of the bedrooms and living-rooms do not fbce those of adjoining 
flats. 


{John Laifig ds Sm Ud. AfehiUd^ B, L, Sutdiffe, F.R.I,B»A.) 
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tenants can be persuaded to sign suitable agreements precluding the 
use of musical instruments or noisy pets. The management does not 
necessarily hold the tenants to the strict letter of this agreement, 
but reserves it to support any action they have to take following 
complaints. Carpeting clauses might, whenever possible, be in¬ 
cluded in agreements, as carpets are of considerable value in 
reducing noise due to footsteps. 

Schools present a problem in that some rooms (music rooms, 
gymnasia, workshops, etc.) are unavoidably noisy at times during 
which quiet is required in other rooms near by. The problem can 
be eased by keeping the noisy sections away from the quiet ones 
and introducing a screen of high buildings between them if possible. 
It is particularly unwise to place the gymnasium above classrooms. 

“As regards noise entering from outside, the school building should 
retreat from the sources of (hsturbance rather than arm itself against 
them: a school is justified in turning its back on a noisy thoroughfare 
notwithstanding some sacrifice in appearance.’** 

The planning of offices is probably not so difficult, because often 
a comparatively high noise level is exj)ected in all the rooms except 
a few, which can be grouped together in a suitable location. Often 
the lower fioors are necessarily noisy on account of traffic outside, 
and accordingly there are good reasons for putting rooms for which 
quiet is not needed, on these floors. Board rooms and the offices of 
senior members of the staff can then be put higher up in rooms 
which, if necessary, are set back to some extent. 

Offices in factories are a special problem where the office block 
cannot for reasons of space be placed sufficiently distant fi:om 
sources of noise. Any partition between office block and works 
should be sound-insulating, and direct communication by doors 
between the two should be the minimum necessary for working 
purposes. Lobbies with self-closing doors, and if possible double 
doors, should be the rule. If windows designed to open must be used 
in the office block, they should not be placed in walls on the noisy 
side of the block. If natural light on that side is essential, sound- 
insulating windows should be u^ed, or part of that wall should be 
made of glass bricks or other heavy glass. Offices of supervisory 
staff which must be actually in the works, with good observation 
windows, present a particularly difficult problem if the works is 
a noisy one. Planning is not of much assistance here, except that 
advantage may sometimes be taken of the fact that the noise in a 
shop is by no means equally loud at all points. In fact the noise 
from a group of machines falls off quite rapidly with the distance 
from the source if sound absorbent material such as stacks of soft 
goods happen to be spread over an appreciable area of floor. 

* ** Suggestions for the Planning of Buildings for Public Elementary 
Schools,’* Board of Education Educational Pamphlets No. 107 (H.M. Sta¬ 
tionery Office, 1938). 
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Hospital planning is of course a specialized matter, and in modem 
hospitals care has been devoted to the separation of the wards from 
sources of noise such as corridors, staircases, and sanitary blocks, 
by intervening spaces devoted to stores and other purposes where 
quiet is not so important. 



CHAPTER IV 


THE SELECTION OF QUIET EQUIPMENT AND 
MACHINERY 

This chapter is included chiefly for the purpose of pointing out that 
a number of manufacturers pay special attention to the production 
of quiet equipment, and that it is wise, when considering the pur¬ 
chase of machinery, particularly domestic machinery, to ascertain 
whether quiet models are obtainable. In the majority of cases where 
mention is made of a particular item as being quiet, this is to be 
understood as meaning that while there are no measurements avail¬ 
able which would definitely establish that the item in question is 
quieter than the average, it is evident that the manufacturers have 
taken certain steps which should lead to a diminution of the sound 
output. 

That the purchase of equipment and machinery which is and will 
remain quiet in operation is a wise investment is now well recognized. 
In industry, systematic investigation* of the output of workers has 
shown that noise has a deleterious effect on working efficiency. 
Other cases have been reported in America! of increase of output in 
factories where a disturbing noise has been removed. For instance, 
workers assembling instruments near a noisy boiler shop, on moving 
to a quiet position increased the number of articles assembled in a 
given time from 80 to 110, with considerably fewer imperfections. 
It has also been suggested that the reduction of noise in industry 
may well tend to reduce accidents, particularly in mines. J Evidence 
was also found that noise was a factor tending to increase absence 
from work among women employed in a war factory in the United 
States. 

The effect of noise-reduction in offices has also been studied in the 
United States, where records were kept for a year both before and 
after noise-reducing treatment had been applied. In the case of 
typing rooms, typist’s errors were reduced by 29 per cent, and in 
calculating machine rooms, machine operators’ errors were reduced 
by 62 per cent. 

It is usually cheaper to purchase quiet equipment than to silence 
equipment which, when installed, is found to be unduly noisy, even 
if the initial outlay is greater. As a general rule, the more noisy a 
machine is, the less is its mechanical efficiency. The reason for this 

* Industrial Health Research Board, Report No. 65. 

t S. W. Wynnu: Joum, Acowt, Soc, Anwr., Vol. 2, p. 14, 1930. 

% H. Hbnshaw and W. a. Johnson: Trana. Inat. Min, Eng,, Vol. 95, 
p. 14, 1938. Various suggestions have been made as to methods of reducing 
the noise of cutting and haulage equipment, and silencers have been described 
suitable for compressed-air engines and pneumatic picks. 
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is not, however, that the energy lost as sound represents an appre¬ 
ciable loss, but that noise is very often an indication of faulty design 
or inferior construction. 

Selection of Quiet Equipment. The first step in the selection of 
quiet equipment is to decide what noise level can be tolerated in 
the particular building or part of the building where the equipment 
is destined to work. This is not easy to do. If the building is still 
in the design stage, recourse may be made to the table of permissible 
noise levels in different kinds of rooms, reproduced at the end of 
this book (Table XXIV). If it is felt that somewhat noisier condi¬ 
tions than recommended in this table can be tolerated, a suitable 
adjustment can be made in the noise level to be specified for the 
equipment. The contract for the equipment can then contain a 
clause that, when installed, the noise level is not to exceed so 
many phons. 

Specifications of this type are at present apparently more common 
in America than in Great Britain. If the equipment is required for 
an existing building, the specification can include a clause to the 
effect that the noise made by the equipment should not noticeably 
increase the existing noise level. Generally, the operation of equip¬ 
ment which by itself would give rise to a noise level five or more 
phons less than that of the existing sound will not cause a noticeable 
increase in the noise level. There are occasions, however, when the 
equipment, owing to the production of a distinctive sound, should 
be very much quieter than the general noise level if it is not to be 
noticed. P. H. Geiger* has instanced cases in which it was necessary 
for the equipment to be 15 or 20 phons less noisy than the general 
level. A point such as this can only be decided either by draw¬ 
ing on specialized knowledge or by inspecting the equipment on 
the site. 

Perhaps a word of warning should be inserted here. If, when the 
equipment is selected, it is inspected elsewhere than on the site on 
which it is ultimately to be used, some attention should be paid to 
its surroundings. It may, for instance, be examined in a room in 
which, owing to office noise or street noise, there is a higher back¬ 
ground noise level than would exist in the building in which it is to 
be used, or again, it may be examined in a very absorbent room, 
e.g. with a heavy carpet, curtained walls, and heavily upholstered 
furniture, whereas the room in which it is to be used is of “hygienic “ 
design, with a bare terrazzo fioor and painted walls and ceilings. 
The equipment may then sound considerably noisier when installed 
than it did when tot viewed. The type of machine support also 
influences the surrounding noise level, for if rigidly attached to the 
floor the latter may act as a sounding board, while on an insulated 
base (see Chapter VI) the machine would sound much quieter. 

A number of manufacturers, particularly in America, now include 

^ P. H. Qbigbb : HeeUingt Piping, and Air Conditioning, 3Deoember, 1936. 
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a figure for the noise level among the other performance data for the 
machine, and as such measurements become common, the possibility 
of the architect and his advisers selecting quiet equipment from its 
specification, draws nearer. Many manufacturers also make noise 
measurements as a part of the routine works tests, a reading on an 
instrument replacing the rapid aural inspection which was previ¬ 
ously made. Pig. 21 shows refrigerator units, on a conveyor, emerg- 



Fio. 21. Refkioguatoh Units leaving a Noise-testing Room 
{JtUerniUimal General Elecirie Co. of New York Ltd.) 


ing from the works test room. Readers interested in this aspect of 
the question may consult the papers referred to at the end of the 
chapter. 

\^ether these measurements are suitable for actual noise speci¬ 
fications has still to be determined, but they are certainly valuable 
in ensuring a uniform product. They are also useful when comparing 
different models supplied by the same maker, but not necessarily 
for comparing equipment supplied by different makers whose test 
methods may not be the same. When making comparisons of this 
kind it should be recalled that over the range of noise levels likely 
to occur in building equipment, differences of less than 2 phons 
(see Chapter I) have practically no significance, but improvements 
of 5 phons and upward are valuable. Until conations and methods 
of test are more closely standardized, it is probably as well for the 
final selection to be based upon inspection. 
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Quiet Equipment. The remainder of this chapter is devoted to 
mentioning equipment in which special care has been devoted to 
obtain quietness. 

Sound-deadening materials and devices may also be included 
under this heading. Of these, rubber has found a wide application 
in noise-reduction. One may instance in this connexion— 

(а) Rubber table and counter tops in hotels, etc. 

(б) Rubber rims for jugs, pails, coal buckets, dustbins. 

(c) Rubber buffers and stops 
for doors, furniture, children’s 



toys, etc. 

(d) Rubber sink linings, 
washing-up bowls, rubber- 
covered plate racks, surgical 
bowls for hospitals. 

(e) Rubber flooring and pav¬ 
ing, trolley wheels, furniture 
feet. 

(/) Rubber-lined coal chutes. 

(gf) Rubber conveyer belts 
for coal or other material. 

(h) Rubber insulating mats 
and pads for machinery in¬ 
cluding items such as type¬ 
writers and sewing machines. 
(See Chapter VI.) 

Lead has found one or two 


ingenious applications for noise- 
Fio. 22. Movement op Sieent Clock deadening. One municipal 
{Oeru and Co. ud,) Water Supply in America, 

having a supply of old lead on 
hand, had this melted down and cast into gaskets to fit under man¬ 
hole covers. The objectionable clanking caused by traffic passing 
over the covers was stated to be completely cured. 

As regards reducing noise in business premises, mention may be 
made of silent typewriters, and also silent clocks; the latter are of 
the impulse type driven by a central master clock, but the usual 
half-minute click is avoided by making the armature in the form of 
a small motor, the rotor of which is energized on the arrival of the 
impulse (Fig. 22). Door bells, staff locators, and telephone bells 
can all be replaced by light signals. 

Radio, if other people’s, is usually regarded as a noise, and it has 
been suggested that the nuisance could be mitigated in hotels and 
flats by using a rediffusion service, since the volume and^number of 


programmes can then be controlled by the central amplifler. 

More attention appears to have been paid to the silencing of elec¬ 
trical machinery than to any other class of apparatus, probably 
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owing to the increasing use of small and fractional horse-power 
motors for ventilating, refrigerating, and other equipment where 
silence is at a premium. Motors designed for quiet running usually 
incorporate special features, such as a heavy frame, resilient mount¬ 
ing, plain sleeve bearings rather than ball bearings, devices to pre¬ 
vent end-bumping of the shaft, and, in the case of small motors, 
total enclosure. One make is shown in Fig. 23. To ensure silent 
running, motors should be worked well within their capacity. 

A small point, attention to 
which is well repaid, is the fitting 
of silent switches for domestic 
lighting and power circuits. One 
type (Fig. 24) relies for its quiet 
action chiefly upon rubber buffers. 

Liibcke* has recorded that treat¬ 
ment has effected a reduction of 
10 phons in the noise made by the 
ordinary small domestic lighting 
switch and also points out that 
switches mounted on a wall can be 
considerably noisier than when 
held in the hand, a fact which is 
useful to remember when selecting 
switches for silence. 

Vacuum Cleaners. Vacuum 
cleaners show considerable varia¬ 
tion in their noisiness, and care 
in their selection is advisable. 

Some manufacturers make a fea¬ 
ture of quiet operation. When con¬ 
sidering cleaning equipment, the advantages, from the point of view 
of quietness, of central vacuum-cleaning installations should not be 
overlooked. In these installations, the fan and container are in a 
basement or cellar and connected by means of a pipe system to one 
or more points in each room. The suction outlets when not in use are 
tightly closed with heavy metal caps, thus preventing noise from 
entering any room except that in which cleaning is proceeding. 
(Of course, if the caps are not well made, or are damaged in use, 
they may allow considerable noise to escape.) It is advisable that 
the machinery used for this purpose should be on an insulated mount¬ 
ing (see Chapter VI) and situated in a room from which sound 
cannot easily emerge. The connexion to the main duct should be 
flexible. 

Other Domestic Equipment. Most good domestic refrigerator models 
are nowadays reasonably quiet. In large blocks of flats central 
compressor systems may be used, for which various advantages are 

♦ E. LUbckb: Zeits.fUr d. Phya. u. Chem. UrUerricht, Vol. 21, p. 2, 1938. 



Fio. 23. Electric Motor 

DESIGNED FOR QuiET 

Operation 

(BritUh Thomson-Houtton Co. Lid.) 
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claimed, and which have the acoustical advantage that all 
machinery with moving parts is placed in the basement or other 
place where it will not cause disturbance. 

Kitchen, laundry, and dry-cleaning machines, and even the ordin¬ 
ary domestic sewing machine, can all cause a good deal of disturb¬ 
ance, {>articularly if there is an occupied room beneath. Insulating 
supports (see Chapter VI) may be found helpful in this connexion. 

Lifts, Hydraulic lifts are very quiet in operation, but for carriage 
of passengers they are seldom now installed owing to the convenience 



Fio. 24. Silent Lighting Switch 
(J. U. Tucker and Co. Ltd.) 


of operation and other merits of the modern electric lift. The selec¬ 
tion of a particular type of electric lift is of course mainly governed 
by the type of power supply available, the nature of the traffic and 
the peculiarities of the site. The usual sources of noise in lift opera¬ 
tion are the closing and opening of car and hoistway gates, and the 
closing of contactors on the control panel, in addition of course to 
the noise of the motor and gearing. The most obvious precaution 
to take is to place the machine unit and control panel in a com¬ 
partment which does not adjoin rooms in which quiet is desired. 
The control panel should be of substantial construction, mounted if 
necessary on a resilient mounting, and possibly totally enclosed. 
The essential openings in the machine room should be kept as small 
as possible, the walls of the machine room should be of substantial 
construction and access doors should be sound-insulating: If the 
particular case is a bad one, the walls and ceiling of the machine room 
should be lined with sound-absorbing material. 

Ck>mmendable ingenuity has been displayed in designing 
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liftlevelling contacts which do not cause noise as the lift car passes 
them. A system which seems ideal from this point of view is that in 
which the lift car carries two parallel air-spaced coils connected 
in separate circuits, in one of which alternating current always flows. 
Alternating potentials are induced in the second coil except when 
the car approaches a landing, when an iron shield comes between the 
coils and interrupts the magnetic flux between them. Amplifiers 
and relays, actuated by the resulting change in the voltage induced 
in the second coil, control the lift motor. By using a series of coils. 



Fig. 25. Silent-acting Lift-car Levelling Device 
{General Electric Co. Ltd.) 

gentle starting and stopping can be obtained. Induction switches 
used for accurate car levelling, based on this principle, are shown in 
Fig. 26. As there are no mechanical contacts to be made, the S 3 rstem 
can be very quiet. 

Noise due to opening and" closing the gates can be minimized by 
using rubber buffers between the vertical elements of sliding expand¬ 
ing gates. Gate locks can also be rubber cushioned. 

Factories. Very little information appears to be available regard¬ 
ing any work that may have been done on the silencing of indi¬ 
vidual items of factory or workshop equipment, and in general 
it seems safe to say that with a few exceptions silent operation 
has not yet been seriously attempted by designers. It may be men¬ 
tioned that circular saws have been quietened by providing 
two soft pads, one resting on each side of the saw,’^ and that 

* Further details may be obtained from the Safety, Health and Welfare 
Museum, Ministry of Labour and National Service, Horseferry Road, S.W.l. 
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wood-planing machines are quieter if the plane irons are spiral 
instead of parallel with the centre line of the cutter block.* 

Quiet Gearing. Advances have, however, been made in recent 



Fio. 26. A Pair of Double-helical Gears with Precision- 
generated Teeth 
These run silently when accurately mounted. 

{Farrel-Birmingham Co. Ine., N.Y.) 

years in the manufacture of quiet gearing—witness the modern car. 
The same principles which have been adopted in the mptor-car 
have also been used on a larger scale, and single- or double-helical 
gearing is now used where quiet running is a necessity, and an 
example of such gearing is shown in Fig. 26. It is said that such 

♦ K. W. Wagner: Zeitg.fiir Techn. Physik, 10, 12, p. 644, 1936. 
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gearing can run quietly at peripheral speeds of up to 18,000 ft./min. 
Quieter operation can, of course, be obtained from most gears if 
they are totally enclosed and immersed in oil. 

A method of obtaining quiet gearing, which is useful for low 



Kkj. 27. Gears Driving a Heavy Machine, showing the use 
OF A Pinion Machined from Bakelite Silent Gear Material 
AND Meshed with a Steel Wheeil 
(BakdUe Ltd.) 

powers, is to make one of the gearwheels of raw hide. Laminated 
bakelite is another material which has been developed for gears, 
and satisfactory results have been claimed for it, both as regards 
durability and silence of operation. Investigations* on the cause of 

♦ Sekiouti, Yaekiti, K. Ebihara, and T. Nakata: Tran .^. Soc . Mech . 
Eng, JapaHf Vol. 4, p. 144, 1038 (English summary). 
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noise in gears in which combinations of bakelite and hard and soft 
steel gearwheels were tested indicated that of these the quietest 
combination was that in which a bakelite gear is enmeshed with 
steel gears. (See Pig. 27.) 

Modern practice of the individual motorization of machines 
formerly driven by shafting, belts and pulleys from a common prime 
mover, is a step in the right direction. Only a minimum of machin¬ 
ery is running at any one time, and the equipment is much more 
easily insulated from the building structure. 

Building Operations. Noisy operations not usually performed 
inside a building, but which may cause disturbance to occupants 
of neighbouring buildings, include demolitions and certain budding 
operations. The noise of riveting steel frames can be avoided by 
using electric welding, as was done in the Bank of England building. 
The use of electric welding in steel frames has received the approval 
of the Steel Structures Itesearch Committee of the Department of 
Scientific and Industrial Research’^ in Great Britain, and is per¬ 
mitted in New York by the building code of New York City. Two 
other noisy building operations, namely cutting holes and chases, 
may be m^e less disturbing by the use of electric drills and grinding 
wheels respectively instead of the usual hammer and chisel. Pneu¬ 
matic drills, used for demolitions, and road repairs, are a constant 
source of complaint, and though they can be silenced to some extent 
by fitting suitable silencers on the drills, there is some evidence 
that the quieter drills take a little longer to do a given job. A type 
of pneumatic drill has been demonstratedf which is claimed to be 
much quieter and also faster than the usual type. Pile-driving 
is another noise which can be heard over a wide area and which 
has been the subject of legal action. One system of piling may be 
mentioned for which several advantages are claimed, including the 
absence of noise and vibration. In this system a boring is made for 
each pile; subsoil water is then forced out by compressed air and 
concrete is forced in, suitable reinforcement having been placed in 
position in the shaft. This method has also been used to underpin 
existing buildings while in normal use. 
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CHAPTER V 


REDUCTION OF NOISE BT SOUND-ABSORBENT 
TREATMENT 

Materials specially designed to absorb sound were originally 
introduced in order to correct the acoustics of auditoria, and are 
still largely used for this purpose. Such materials, usually of a por¬ 
ous nature, e.g. felts, fibreboards, etc., are applied to the walls and 
ceiling of the auditorium in question in order to reduce excessive 
reverberation or to prevent unwanted reflection of sound at certain 
points. This aspect of the use of sound-absorbent materials has been 
dealt with in a number of textbooks,* and there is no need to go into 
it here. Nowadays, however, sound-absorbent materials are also 
used to reduce the noise level in rooms. Naturally, the more sound¬ 
absorbing are the surfaces of a room, the less is the amount of 
reflected or “reverberant'* sound, and consequently a lower noise 
level is produced by any given source of sound. 

Perhaps it is as well to make clear at this stage that a sound- 
absorbent has an entirely different function from that of a sound- 
insulator. A sound-insulator transmits only a fraction of the sound 
which falls upon it; a sound-absorbent reflects only a fraction of 
the sound which falls upon it, much as a piece of black velvet reflects 
only a fraction of the light which falls upon it. 

A wide variety of materials is used for sound-absorbing purposes. 
Their efficacy is indicated by the sound-absorption coefficient, a 
figure which gives the fraction of the energy absorbed when a sound 
wave is reflected by the material concerned. To make this statement 
strictly accurate it should be added that the absorption coefficient 
varies with the angle at which sound falls on a material. The coeffi¬ 
cient usually given applies (unless otherwise stated) to the absorp¬ 
tion averaged for sound falling at all angles; this is strictly termed 
the “reverberation absorption coefficient,*’ and is obviously the 
figure which is required when questions of noise reduction are being 
dealt with. The absorption coefficient also varies with frequency, 
but when dealing with noise-reduction it is usual to employ a figure 
obtained by averaging coefficients for low, medium, and high fre¬ 
quencies which, as explained later, is as a rule sufficient. The absorp¬ 
tion coefficient of a completely reflecting surface is of course zero, 
and that of a completely absorbing surface (the usual example being 
an open window) is unity. Between these two values it varies with 

♦ See for example: A. H. Davis and G. W. C. Kaye : Acoustics of Build¬ 
ings ; C. W. Glover : Practical Acoustics for the Constructor; V. O. Knudsen : 
'ArchUectsiral Acoustics; H. Baoenal and A. Wood: Planning for Good 
Acoustics, 
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the material from 0-02 for a hard plaster to 0-80 or more for some 
specially effective absorbents (see Table V). To determine an 
absorption coefficient accurately requires special experience and 
equipment. For this reason manufacturers of acoustic materials 
often have measurements made by a standardizing laboratory (in 
Great Britain, usually the National Physical Laboratory) before 
marketing their product. For research and development purposes, 
however, relatively simple apparatus may be used which enables 
preliminary information on the sound-absorption of materials to 
be obtained. 

It has, however, been pointed out* that absorption coefficients 
obtained by laboratory measurements vary slightly with the con¬ 
ditions of test as between one laboratory and another, although 
results from any one standardizing laboratory are self-consistent. 
Again, the absorption obtained when the materials are used on the 
job on a large scale may not correspond exactly with that com¬ 
puted from laboratory-determined coefficients. Too much impor¬ 
tance should n6t, therefore, be attached to a small difference in 
coefficient of different materials when making a selection. 

The quietening effect of an absorbent surface depends, in a way 
which will be described later, not only on its absorption coeflScient 
but also on its area. The effect of the treatment is, in fact, deter¬ 
mined by the product of these quantities, which is referred to as the 
absorption of the surface concerned. By summing the absorptions 
of the various surfaces in the room the total obsorption is obtained. 

If the areas are in square feet, the total absorption is in sabins, 
a unit named after W. C. Sabine, a pioneer in architectural acoustics. 
For example, in a U^ical living-room having dimensions of 12 ft. 
by 18 ft. by 8 ft. 6 in. high, the total absorption might be calculated 
as in Table VI. 

It will be noticed that if the ceiling and walls in the room referred 
to in this table were covered with an absorbing material such as 
fibreboard having an absorption coefficient of 0*3, the total absorp¬ 
tion could be approximately doubled. 

The reader may criticize the above calculation on the grounds 
that no mention has been made of the variation of absorption coeffi¬ 
cient with frequency. Calculations of noise-reduction by the use of 
absorption coefficients averaged over a fairly wide range of frequency 
(say 200-2,000 c.p.s.) are usually sufficient for this purpose. There 
are special cases where the absorption at particular frequencies has 
to be taken into account, notably when the noise is confined to a 
definite frequency band; but these are the exception rather than 
the rule. 

Effect ol Absorption on the Noise Level in a Room. Before pro¬ 
ceeding to discuss the effect of sound-absorbents upon the noise 
level in a room, the important distinction between direct and 

* Paul E. Sabine, Joum, Acoust, Soc, Amer., Vol. 11, p. 41. 1939. 
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reverberant sound must first be made clear. (See Fig. 28.) The 
former is the sound received by the ear directly from the source, 

TABLE V 

Absorption Coefficients of Varioits Materials 



Approximate Absorption 
Coefficients 

Material 

Cycles per second 

Average 


250 

500 

1,000- 

2,000 

250- 

2,000 

Ordinary wall and ceiling surfaces — 





Hard plaster .... 

001 

002 

002 

002 

Unpainted brick .... 

003 

003 

005 

004 

Porous breeze, 2 in. thick, unplas- 





tered ..... 

0-21 

0-43 

0-38 

0-34 

Wood panelling, f in. thick . 

010 

0*10 

010 

010 

Curtsuns, cretonne 

— 

015 

— 

015 

„ medium-weight 

— 

0-30 

— 

0-30 

„ heavy, in folds 

— 

0-75 

— 

0-75 

Floor coverings — 





Wood-block floor lend in mastic 

003 

006 

010 

006 

Cork caix>et, } in. thick 

003 

0-07 

0-20 

010 

Porous rubber sheet, J in. thick , 

005 

005 

0-20 

010 

Axminster ccupet, ^ in. thick 

006 

0-10 

0-35 

017 

Axminster carpet on } in. felt 





underlay .... 

015 

0-40 

0-65 

0-40 

Axminster carpet on in. rubber 





imderlay .... 

005 

0*20 

0-45 

0-23 

Turkey carpet, J in. thick 

010 

0-25 

0-60 

0-32 

Turkey carpet on i in. felt underlay 

0'30 

0-50 

0-65 

0-48 

Special absorbents *— 

Acoustic plasters, J-l in. thick, on 





stone ..... 

015 

0-25 

0-30 

0-23 

Fibreboards, plain, in. thick, on 





1 in. battens .... 

0-35 

0-32 

(>•30 

0-32 

Medium-efficiency acoustic tiles, on 





battens ..... 

0*40 

0-40 

0-60 

0-43 

High-effioiency acoustic tiles with 





perforated surfaces, on battens . 

0-50 

0-80 

0-85 

0*72 

Acoustic felts, 1 in. thick, perforated 





covers, on hard surface 

0-30 

0-70 

0-80 

0-60 

Acoustic felts, \ in. thick, on battens 

0*26 

0*45 

0-70 

0-47 

Wood-wool cement board, 1 in. 





thick, on battens 

0-30 

0-60 

0‘70 

0-53 

Sprayed asbestos, 1 in thick . 

0-60 

0*65 

0-60 

0-62 

Slag wool or glass silk, about 2 in. 




0-8^ 

thick, on battens 

0*70 ! 

0-85 

0-90 

Slag wool faced with thin smooth 





cardboard .... 

0-54 

0-36 

0*32 

' 0-41 


* The figures given for some of the speoial absorbents are only average 
for the class of material oonoemed. as different products vary a good deal. 
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and the latter is sound which has been reflected one or more times 
at the various surfaces in the room before reaching the ear. In the 
open air, which corresponds to completely absorbing walls, sound 
reaching the ear is, neglecting reflection from the ground, entirely 
direct sound. The intensity of the direct sound in a room is unaffected 
by the amount of absorbent; but the intensity of the reverberant 



Fig. 28. Illustrating the Distinction between Direct and 
Reverberant Sound 

sound may be taken to be inversely proportional to the total absorp¬ 
tion in the room, and can thus be reduced to any desired extent by 
installing suitable absorbent. 

The point can be illustrated by an analogy. It is well known that 


TABLE VI 

Absorption in a Typical Living-room 


Item 

Area 

Absorption 

Coefficient 

Absorption 
of Item 

Ceiling (hard plaster) 

Walls (hard plaster) 

sq. ft. 
216 

002 

sabins 

4 

450 

002 

9 

Carpet ...... 

200 

0-40 

80 

Curtains...... 

80 

0-20 

16 

Wooden door ..... 

20 

010 

2 

Large upholstered chairs and settee . I 

— 

— 

40 

Miscellaneous furniture 

— 

— 

40 



Total: 

191 
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the iUumination in a room depends not only upon the lamps supplied, 
but also upon the character of the wall surfaces. If the walls are 
light in colour, the lamp appears to be much more effective than 
when it is used in a room in which the walls are dark-coloured. This 
is because in a room with light-coloured walls the light from the 
lamp is reflected many times backwards and forwards between the 
walls and builds up a degree of illumination greater than that which 
would be afforded by the lamp alone. For the purpose of our analogy 
we may say that the “reverberant’* light renders the illumination 
greater than that which would be provided by direct light alone. 
Going to the other extreme, the illumination in the room could be 
considerably reduced by painting all the walls black (i.e. with a 
light-absorbing surface). Such treatment would of course never 
render the room completely dark, since the light coming directly 
from the lamp cannot possibly be affected. 

In just the same way, applying sound-absorbent treatment to a 
room will reduce the reverberant sound level but cannot affect the 
sound proceeding directly from the source. The relative importance 
of the direct and reverberant sound determines the extent to which 
such treatment can profitably be applied, it being obviously useless 
to reduce the reverberant sound beyond the stage at which the 
direct sound becomes predominant. The position of the person 
concerned is of importance in deciding when this stage has been 
reached: if he is very near the source, the direct sound wUl very 
soon outweigh the reverberant sound. Assuming, as is at least 
approximately true, that the intensity of the direct sound is inversely 
proportional to the square of the distance from the source, it may 
be shown that the reverberant and direct sounds are of equal inten¬ 
sity at a distance L from the source given by 

L=^-- ^ 

7-2 

where A is the total absorption in the room.* 

Thus in a room containing a total absorption of 100 sabins, 
the distance is about 18 in. In other words, the direct sound is of 
minor importance, and absorbent treatment could be profitably 
applied to the extent of, say, 1,000 sabins; the corresponding dis¬ 
tance would then become about 4 ft. 6 in., and at most points in 
the room the direct sound would be less important than the rever¬ 
berant sound. The above calculation is for illustration only, and 
the formula should not be regarded as being by any means exact. 
Its reliability decreases as the source of sound becomes greater in 
dimensions (since the inverse square law applies strictly only to 
point sources) and as the total absorption in the room increases. 

There are various formulae available for calculating the intensity 

* If A is given in sabins (i.e. sqiiare-foot units), the distance L is in feet. 
If A is in square metres, L is in metres. 
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of the reverberant sound in a room, but since they fail when con¬ 
siderable absorption is installed they should be used with caution, 
and are scarcely suitable for inclusion here. As mentioned before, 
it is usual to take the reverberant sound intensity as being inversely 
proportional to the total absorption in the room*—^that is to say, 
the less the absorption in a room the higher the reverberant sound 
intensity. Quantitatively the relation means that the reverberant 
sound intensity can be halved (i.e. reduced by 3 db.) by doubling 
the amount of absorbent in a room. The reduction of loud¬ 
ness, measured in phons, which corresponds to this 3 db. reduction 
in intensity depends upon the frequency. (See page 11.) For sounds 
of medium pitch the loudness reduction is numerically about the 
same as the intensity reduction (i.e. 3 db. is equivalent to 3 phons); 
for low-pitched sounds the loudness reduction is numerically greater, 
and 3 db. may be equivalent to a loudness reduction of anything 
up to 5 or 6 phons. There is a compensation here for the decrease, 
which normally occurs in absorption coefficients at low frequencies. 

Increasing the amount of absorbent treatment becomes progres¬ 
sively loss effective as the total absorption in the room increases. 
There are three reasons for this— 

1. The greater the total absorption, the less the importance of 
the reverberant sound in comparison with the direct sound. 

2. The greater the initial absorption, the greater the amount of 
extra absorbent required to produce a given reduction of sound 
intensity. 

3. Reference to the table relating loudness sensation units with 
noise level (Table IV, Chapter I) will show that the number of loud¬ 
ness sensation units corresponding to a given change in noise level is 
less as the loudness decreases, e.g. the first decrease of 3 phons is 
more effective than subsequent decreases. Hence the more absor¬ 
bent (and therefore the quieter) a room, the smaller the reduction 
in loudness units produced by a given change in noise level. 

Value of Absorbent in Different Classes of Rooms. In general, 
sound-absorbent treatment is probably only worth while where 
economic and practical considerations permit the total absorption 
to be at least doubled. Examples of such rooms will be mentioned 
later. Two important exceptions to the rule might conveniently 
be pointed out at this stage. Returning once again to the table 
relating loudness sensation and noise level, it is apparent that in a 
very noisy room quite a small change in the sound intensity—even as 
little as 1 phon—^is valuable. In rooms such as these, for example in 
a printing pressroom, extra absorbent treatment should be valuable 
even if only a 25 per cent increase in absorption is feasible. The other 
special case is that in which a reflecting surface is near to the source 
of noise and to the occupants of the room. In this case, irrespective 

* This is based upon Jaeger’s formula, which is dealt with more fully in 
Chapter XV. 
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of whether the remainder of the room is absorbent, the sound inten¬ 
sity near the occupants will be increased by the presence of the 
reflecting surface, since the direct sound will be reinforced by re¬ 
flected sound of similar intensity. An example of such a reflecting 
surface is the ceiling in a typing office. The floor may be fairly 
absorbent, and the walls may, if the office is large, be a considerable 
distance away. The room will probably contain considerable absor¬ 
bent material such as the clothing of the occupants, carpets and 
linoleum, wooden furniture, and piles of paper. Thus, although the 
room contains considerable absortent, each typist, besides the direct 
sound from her own and neighbouring machines, would receive 
sound of about the same intensity reflected via the ceiling. It will 
be seen, therefore, that in these cases a sound-absorbent ceiling 
would be of value. Such treatment is becoming increasingly used 
in modern typing offices. 

The effect of similar treatment has been studied in factories in 
the United States. A recent paper* describes noise measurements 
and “public opinion” in 33 works in which the noise level ranges 
from 65 to 130 phons, 85 to 105 phons being common. Noise meas¬ 
urements alone are not always an infallible indication of the amount 
of annoyance; excessive reverberation is another important factor 
on account of the unnatural prolongation of the stimulus and the 
difficulty of understanding speech. Absorbent treatment is of little 
value when a number of closely spaced noisy machines fiU a room, 
but if part only of the room is occupied by machines, absorbent 
treatment over the whole room benefits the operatives in other parts. 
Measurements show that in rooms whose smallest floor dimension 
is at least several times the ceiling height, and in which the ceiling 
is highly absorbent, the noise level due to a single source decreases 
at a constant rate in decibels per foot over the entire area of the room 
regardless of size. This rate varies with the ceiling height, attenua¬ 
tions of 0-4 db. per ft. being obtained for a 10 ft. ceiling, and 0-2 db. 
per ft. for a 20 ft. ceiling for material of absorption coefficient 0*7. 
The attenuation in the case of untreated ceilings is much less, being 
about 3 db. for each doubling of distance. Absorbent-treated ceil¬ 
ings are, therefore, recommended in suitable cases, the total absorp¬ 
tion of the ceiling being increased if necessary by the addition of 
baffies. 

As mentioned above, sound-absorbent treatment is most valuable 
in rooms in which there is little absorption. Typical values for the 
total absorption in different kinds of rooms are given in Table VII. 
It will be noted that bathrooms and kitchens contain little if any 
more absorption than empty rooms, so that absorbent tareatment 
would prove valuable in reducing noise in rooms of this type. 

Another typical noisy room which should benefit from absorbent 

* Hale J. Sabine and R. Allen Wilson, Jou/m, Acowt, Soc. Amer» 
Vol. 16, p. 27, 1248. 
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treatment is a restaurant with marble walls, glass ceilings, stone 
floor, and marble- or glass-topped tables. It is very probable that 
a considerable improvement in the noise conditions would result 
if such restaurants received absorbent treatment; indeed, a number 


TABLE VII 

Total Absorption in Different Types of Rooms 


Type of Room 

Empty room . 
Bathroom 
Kitchen 
Office . 
Living-room . 
Bedroom 


Total Absorption Averaged 
for a Number of Rooms of 
this Type* 

. 45 sabins 

. 45 „ 

. 95 „ 

. 160 „ 

. 185 
. 390 „ 


have already been treated, and the improvement is appreciable. 
Another example is the “modern” dining-room with its painted 
walls, metal furniture, and negligible upholstery. The possibility 
of quietening the nursery should also not be overlooked. In this 
case the treatment would probably have a double benefit in that 
not only would it absorb the sound, but also, by removing “bath¬ 
room” conditions, it would reduce the urge to be noisy. Indoor 
swimming-baths and gymnasia are also promising subjects for 
absorbent treatment. 

Reverberation and hygiene often, unfortunately, go hand in hand, 
and in the modern hospital this may cause difficulties. Medical 
opinion appears to be opposed to the use of any porous material 
upon the walls and ceilings of the wards, and this, of course, rules 
out the majority of absorbents. There does not appear to be the same 
objection to treating the corridors, which often serve as ducts along 
which sound is conducted from other parts of the building, e.g. the 
staircase. In addition, owing to the traffic along them, considerable 
noise is generated in the corridors themselves. Several hospitals 
for this reason have now install^ absorbent material on the corridor 
ceilings. The value of such absorbent treatment has been confirmed 
by measurement. As regards the use of absorbent materials in the 
wards, there appears to be only one method of combining absorp¬ 
tion with a smooth non-porous surface. This is described on 
page 67. 

Another position in which sound-absorbent treatment is valuable 
is on the inner faces of telephone booths in noisy situations, for in¬ 
stance, in workshops. Not only does its use render the booth quieter, 
but the reduced reverberation makes speaking conditions more 
comfortable. Sound-absorbent treatment can, in fact, be made so 

* These figures are taken from a paper by A. Gastell {Akustiache Zeitschrift, 
Vol. 1, p. 24, 1936). 













Fig. 29. Absobbent-lined (Doorless) Telephone Cabinet 
{Burgeu ProdueU Co, Ltd.) 
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effective that the door of the booth can be dispensed with (see Fig. 29), 
the conversation being still reasonably private, and the amount of 
noise entering from outside being unobjectionable. 

Sound-absorbent material can be used to increase the sound-insu¬ 
lation of special constructions. The use of a sound-absorbent lining 
in a double partition (Chapter X) and in a ventilating duct (Chapter 
VIII) may be mentioned in this connexion. Another use is met with 
when, to increase the insulation provided by a door, a small anteroom 
is built in front of it. The effectiveness of this anteroom can be 
increased if it is rendered sound-absorbent either by special treat¬ 
ment (see Fig. 30) or by using it as a store for absorbent material 
such as bales of textiles. 



Fia. 30. UsK OP Sound -ABSORBENT Treatment to Increase the 
Sound -INSULATING Value of an Ai^techamber 

Most Economical Distribution of Sound-absorbent Material. When 
several rooms are to be treated with sound-absorbent, it is obviously 
desirable to distribute it in the most effective way. 

The point may be appreciated in the simple case of two adjacent 
rooms, in the first of which is a source of sound and in the second 
of which quiet is desired. If the first room is very reverberant it will 
be very noisy, and considerable sound will in consequence be trans¬ 
mitted through the partition to the second. The conditions in the 
second room can be improved to a limited extent by introducing 
sound-absorbent into the first room and thus quietening it. On the 
other hand, if the second room’ is very reverberant, sound entering 
it from the first room will build up to a high level no matter how 
absorbent the first room is. In fact, if the second room contained no 
absorbent whatsoever, there are theoretical reasons (see Chapter 
XV) for expecting that the noise level in the two rooms would be 
the same however soundproof the partition between them. It follows 
from the above discussion that if a certain amount of absorbent 
treatment is permissible, it is unwise to put all of it in one of the 
rooms. Actually calculation shows’*^ that the second room is quietest 
when the toted available sound absorption (including an allowance 
for furniture, etc.) is distributed equally between the two rooms. 

* J. E. R. Constable: Joum , Vol. 45, p. 940, 1938. 

3—(T.95) 
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It is not necessary to hold closely to this distribution, but an approx¬ 
imation to it should be aimed at. Similarly, if a row of similar rooms 
is served by the same corridor and it is desired to reduce the noise 
level in the rooms due either to sound originating in the corridor 
or to sound originating outside the building and passing through 
the corridor to the rooms, it can be shown that half the total available 
absorbent should be in the corridor, the remaining half being dis¬ 
tributed equally between the rooms. Other examples of sets of rooms 
requiring absorbent treatment will no doubt occur to the reader. 
Calculation of the best distribution of absorbent material may be 
complicated if many rooms are involved. The above examples will, 
however, indicate the kind of solution likely to be most successful. 

It should perhaps be pointed out that the calculations referred 
to deal only with the reduction of airborne sound, such as for exam¬ 
ple that emitted by a loudspeaker. The reduction of impact noises 
is another story. In the case of footsteps, for example, no amount 
of absorbent in the room above will prevent the transmission of the 
impact to the room beneath. 

Materials Available for Sound-absorbent Treatment. The ways in 
which sound-absorbent treatments can be used have been discussed. 
It remains to describe the materials which are available for this 
purpose. 

Generally sound-absorbents rely for their action upon the fric¬ 
tional losses which occur when the alternating pressure of the inci¬ 
dent sound wave causes a to-and-fro movement of the air contained 
in the pores of the material. There is, however, a special type of 
absorbent which depends for its action upon resonance effects. This 
will be described later. Much time and trouble has been spent in 
calculating the absorption of porous materials, and a fair degree of 
success has been obtained.* Theory generally agrees that the acous¬ 
tical behaviour of a porous type of absorbent is determined almost 
completely by— 

1. The porosity, represented by the pt»rcentage volume of air 
contained by the material. 

2. Resistance to air flow through the material, which depends 
upon the diameter of the pores. 

3. The thickness of the material. 

Generally, the greater these three factors, the greater the absorp¬ 
tion coefficient of the material. The nature of the material itself 
appears to be unimportant comjmred with the structure of the air 
cells it contains. 

The following are examples of materials which appear to rely 
upon porosity alone for their action— 

Acoustic plasters 

♦ See, for example: I. B. Crandall : Theory oj Vibtating SyaUma and 
Sound; M. Kicttinorr: Joum, Acouat. Soc, Arner., Vol. 6, p. 188, 1935; 
L. Crrmkr: E.N.T,, 12, p. 333, 1935; and others. 
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Acoustic felts 
Slag wool and glass silk 
Wood-wool slabs 
Aerated concrete blocks 
Sprayed asbestos 
Acoustic stones 

Wallboards (especially if perforated) 

Photographs of some of these are reproduced in Fig. 31 («)-(/). 

Resonant Type Absorbents. Wallboards, when mounted upon 
battens, as usually recommended, absorb in two ways. They absorb 
by reason of being porous, but they also absorb because of a reson¬ 
ance effect. Being very flexible, they are easily set into vibration 
by the incident sound, thus dissipating energy in another way. 
The effect of the resonance is to increase the absorption at low fre¬ 
quencies. This is illustrated in Fig. 32, obtained by Berg and Holts- 
inark* for ‘‘Treetex” at various distances from the wall. 

The resonant type of absorbent flnds particular application in 
forming an absorbent with a non-porous surface. This type of 
absorbent has been used by Oelsner in Denmark for correcting the 
acoustics of radio studios, churches, etc., and has been subjected to 
experimental investigation by Meyerf and Lauffer. J In its ordinary 
form it consists of a light wooden framework about 2 in. thick fixed 
to the wall and covered with a light impervious panel, such as 
aluminium sheet American cloth, thin plywood, or rubber sheet¬ 
ing. The space between the wall and the covering is rendered sound- 
absorbent by lining the wood frame with acoustical material having 
a high absorption coeflScient. It should be mentioned that Meyer’s 
experiments showed that it was sufficient to put the acoustic 
material upon the wood frame only, but Lauffer’s experiments seem 
to indicate that the absorption obtained in this way can be in¬ 
creased by filling the air space with light absorbent material, such 
as wadding. The action of this construction, which is sketched in 
Fig. 33 (a), is, roughly speaking, to trap by absorption all the sound 
which is transmitted through the front surface. Reference to Chapter 
IX will show, however, that to'obtain, say, 50 per cent transmission 
(i.e. at least half the sound falling on the panel passing through it) 
it would ordinarily be necessary to use an extremely light material, 
something of the order of thin paper. The resonant absorbent over¬ 
comes this difficulty by introducing resonance effects, whereby 
transmission through the panel is considerably increased. The 
resonance effects arise from the air imprisoned in the interspace, 
for at certain frequencies the combination of the mass of the covering 

* R. Bero and J. Holtsmarx : Royal Nonvegian Set. Soc., Proc., Vol. 4, 
No. 23. (In Norwegian.) 

t E. Meyer: R.N.T.^ Vol. 13, p. 96, 1936, and Acowt. Soc. Amer. J, 
January, 1937. 

t H. Lauffer: Hochfreqttemieehnik und Kkktroaku^ik^ Vol. 49, p. 9, 1937. 
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(«) Acoustic felt. 

(//. ir. CuUum and Co. Ltd ) 



(6) Alag wool liehlnd galvanized netting. 
{Frederick Jones and Co, Ltd.) 

Flo. 31. SOUKO'ABSORBING MaTBBIALS 
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(r) Fibre Rlass. 
{Ftbregfms Ltd.) 





(d) Fibrous wallboarti. 

{Patent Impermeable Millboard Co. Ltd.) 

Fio. 31 — (contd.). Sound-absorbing Materials 
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(e) Foamed slag block, 
(F. McNeUl and Co. JJd.) 


(ff) Acouatic stone. 

(Map Acotudict Ltd.) 

FlO. 31 - {contd,), SOUlrD-ABSORBlNG MATERlAUi 
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(h) Wood-w(X)l bonded with cement; flne-grain slab as used for sound-absorption. 
{Thermai'oiutt ProditcUt lAd.) 



(i) Aslieatos blanket. 
{NewaUt In$ulation Co,) 
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( k ) Asbestos fibre covered with washable plaster (perforated). 
(Newalli Intulation ^ Co .) 

Fio. 31— { contd ,), Sound>absobbikq Matbbiaus 
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(Z) A ceiling treated with “Celotex.” 

{CelaUx Ltd.) 

Fig. 31— (contd.). Sound-absorbing Materials 


surface and the stiffness of the air layer comes into tune with the 
incident sound, which is consequently very easily transmitted. It 
might be feared that such a combination would be selective and 
absorb only certain frequencies, but Meyer and Lauffer have found 
that in practice the effect of the resonance spreads over a wide 
frequency range, giving considerable absorption for these frequen¬ 
cies. Some of Meyer’s curves showing the manner in which the 
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absorption of some of these absorbents varies with frequency are 
reproduced in Rg. 33 (c). The resonant character is well shown. 
When designing these absorbents the following formula can be used— 

d = 29,m)lnhiy 

where d is the distance of the front covering from the wall, 

w is the weight of the covering in pounds per square foot, and 



100 200 500 1000 2000 

Frequency Cydes/sec 


Fig. 32. Absorption of Fibreboard Spaced at Different 


Distances 

FROM A Wall 

Curve 1. 

Spacing 0 in. 

M 2. 

1 in. 

„ :i. 

„ 2 in. 

M 4. 

T> 4 in. 


n is the frequency at which the system is giving its maximum 
absorption. This can be chosen from the character of the 
sound to be absorbed. 

Meyer went further with the design of this tyjie of absorbent and 
showed that if low frequencies were to be absorbed (this is of impor¬ 
tance in radio studios) this could be achieved by using several layers 
of light material equally spaced as shown in Fig. 33 (b). This is the 
acoustical analogue of the resonant system known to electrical 
engineers as a low-pass filter. 

Practical Considerations in the Choice of a Sound-absorbent 
HateriaL A number of considerations have to be taken into account 
when choosing a sound-absorbent ipaterial. A good ap|)earance can 
be obtained with practically any absorbent material, though care 
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Sheet Material 



Absorbent Lining 


(b) 



Fig. 33. Resonant Type of Absorbents 

(а) Construction of one design of resonant absorbent. 

Absorption coefflcients stiown in curves a and b in Fig. 34(c) were obtained with 
covering material of aluminium sheet and thin plywood respectively. 

(б) Resonant absorbent si>ecially designed to alworb low frequencies. (See 
curve e in Fig 34 (c). 

(c) (Curves showing sound-absorption coefficients of rcsonant-tyiie absorbents. 
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must be taken that the absorbent properties are not thereby sacri¬ 
ficed. There are, of course, situations in which appearance is of less 
importance; on the other hand, it is often necessary that the treat¬ 
ment should look as far as possible like an ordinary wall surface. 
Practically any soft absorbent material can be made to resemble 
an ordinary finish by covering with tightly stretched muslin or 
cribble cloth, which can be distempered if desired. Provided this 
coverihg is subsequently perforated (pinpricks are sufficient), an 
absorption not very inferior to that of the uncovered material can 
be obtained. Perforated metal or bakelite coverings are also used 
for covering soft absorbents. 

Absorbent materials are, if possible, best left unpainted, as paint 
tends to cover up the pores. An investigation has been made by 
Chrisler* of the effect of paint on the a!)sorption coefficient of a 
number of commonly used absorbent materials. These materials are 
described under the type number of the appropriate United States 
Federal Specification; reference should be made to the original 
paper for the detailed results, where the absorbents used are also 
illustrated by photographs. In general the reduction in average 
coefficient caused by brush painting with as many as 5, 6 or 7 coats 
never exceeds 35 per cent, and for some materials is much less than 
this. In one instance spray painting is found to reduce the average 
coefficient much less than brush painting In all cases the loss of 
absorption occurs at the higher frequencies (where a reduction of 
even as much as 50 per cent is often relatively unimportant). At 
low frequencies the absorption is generally unimpaired, and strangely 
enough, in some cases even shows a definite increase as a result of 
painting. The general deduction from this paper is that paint, even 
in repeated applications, is not as deleterious as might have been 
supposed, and that in cases in which painting of absorbent treatment 
is essential, it would be worth while to have measurements made of 
the effect upon the absorbents under consideration. There is 
obviously scope for further research in this subject, not only as 
regards decorative paints, but also as to the effect of paints and 
similar applications used for fireproofing. 

Certain stains can be used without appreciably affecting the 
absorption, and by stencilling patterns on the material, decorative 
effects can be obtained. Information as to which stains can safely 
be used may as a rule be obtained from the manufacturers of 
absorbents. It is also possible to carve low reliefs on certain 
materials such as fibreboard and porous stones. 

Ease of erection is another important consideration: certain 
materials, such as asbestos, are sprayed on with a gun; fibre boards 
are nailed on battens, and felts can be either nailed up or fixed with 
adhesive: Sound-absorbent plasters are applied in the \isual way, 
but are said to be less easy to handle than ordinary plasters. 

* Nat. Bur. of Standards {Washington) J, of Research, Vol. 24, p. 547, 1940. 
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As regards fireproof properties, a number of materials, such as 
asbestos and slag wool, are naturally incombustible and many others 
are non-infiammable or can be made so. Some, such as cotton wool, 
can be chemically treated; it has, however, been stated that impreg¬ 
nation with chemicals does not prevent the loose hairs on the surface 
from burning and spreading a fiame across the surface of the mater¬ 
ial. In the lagged room of the Siemens — Halske A.G., Berlin,* 
precautions were taken to prevent a flame from spreading across 
the surface of the absorbent which lines the walls. The principle 
used was simply that of the miners’ safety lamp ; each wall was 
divided into sections by wire gauze, which projected above the 
surface of the absorbent. Any outbreak of fire would thus be local¬ 
ized to one of these sections. In this particular case the walls were 
divided into sections about a yard wide, each section extending 
from the floor to the ceiling, and the gauze strips used were folded 
parallel with their length, the edges being attached to the wall and 
the base of the loop projecting into the room a few inches above the 
surface of the absorbent. 

One point should be borne in mind, namely the magnitude of the 
absorption coefficient. There will clearly be no point in using a 
material which is half as expensive if its absorption coefficient is 
only half as great, so that double the area woxild be required for the 
same quietening effect. The value of the absorption coefficient can 
usually be obtained from the manufacturer of the material. 

It should also be noted that in the case of porous absorbents the 
absorption coefficient usually increases considerably with the thick¬ 
ness of the porous layer, particularly at low frequencies If low 
frequencies are the problem, it may well be more economical to 
use a greater thickness of treatment over a smaller area than a 
thin layer over all the available space. 

The remaining important consideration is hygiene. In some 
circumstances it is essential that the treatment shall not harbour 
dust and must not gradually disintegrate or emit fine particles. 
The harbourage of bacteria by sound-absorbent materials is an 
important problem for hospital architects. Neergaardf experimented 
with a number of typical sound-absorbents. He applied B, prodigi- 
08 U 8 in various ways and exacmined the absorbent materials at 
different depths during the following few days. On the twelfth day 
after applying the bacteria, tests were negative on all materials. 
It is concluded that, in general, acoustical materials do not favour 
the multiplication of bacteria more than do hard plaster, wood, and 
other materials commonly used in hospitals. The authors are not 
competent to judge, however, whether these results would be re¬ 
garded by medical opinion as decisive. Even if acoustical materials 

* W. Janovsky and F. Spandock: Aku^tische Zeitackrift, Vol. 2, p. 322, 
1987. 

t C. F. Nbbroaard : Journ. Acotiat, Soc. Amer., Vol. 2, p. 106, July, 1930. 
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lire not breeding-grounds for germs, the need for easily cleansable 
liospital walls would rule out many materials. 

In factories also the question of hygiene has to be borne in mind. 
In Great Britain the Factories Act, 1937* requires that, in general, 
parts of walls and ceilings at a height from the floor of less than 
20 ft. should be whitewashed or colourwashed at least once every 
14 months (unless the walls and ceUings have a smooth impervious 
surface, or are painted with oil paint or varnish or with washable 
water paint, when other requirements apply). The only exceptions 
are in favour of certain heavy and dirty industries. This means that 
any absorbent treatment applied at a height of less than 20 ft. 
must either be smooth and impervious, or such as to be unimpaired 
by periodic whitewashing or painting. 

Choice of Position tor Itound-absortent Treatment. There are some 
positions in a room where sound-absorbent material would be unsuit¬ 
able. To begin with, as the majority of these materials are soft, 
they should not be used on the lower parts of walls where they can 
be bruised by furniture. It is even doubtful whether they should 
ever be within reach of persons in the room, for soft absorbent 
surfaces seem to have an irresistible fascination for idle Angers. 

If the room is heated by covered ceiling panels, parts at least, 
of the ceiling will not as a rule be available for treatment, although 
acoustic plaster has been used over heating panels. The heating 
panels may occupy well-separated areas, in which case the ceiling 
space between them can be used for absorbent treatment. If 
the above suggestions cannot be adopted, the upper parts of the 
walls only can be treated; material having a high absorption coeffi¬ 
cient should then be used on account of the limited area available. 
The floors can, of course, be carpeted in order to increase the 
absorption. 

It may be difficult to find sufficient area to treat with absorbent. 
A possible solution of this difficulty is to divide large rooms by 
partitions reaching to the ceiling and to cover these with absorbent. 
The construction has the additional merit of screening sections of 
the room from each other. Failing this, the ceiling area may be 
increased by baffles. 

Value of Sound-absorbent Treatment Out of Doors. Courtyards 
and immediate surroundings of buildings can often with advantage be 
rendered more sound-absorbent by substituting areas of grass or 
freshly dug flower-beds for an unbroken expanse of paving or con¬ 
crete. Direct sound entering the building is then not reinforced to 
such an extent by sound reflected from the ground. 

An interesting example, from the engineering point of view, of 
the use of sound-absortent material is in its application to the steel 
underground railway tunnels of the London Transports Executive. 

* See Factories Act, 1937, Sect. I, and Statutory Rules and Orders, 1938, 
No. 487. 
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(6) Treatment with cover removed, showing foamed slag. 

Fia. 34. SOUND-ABSORBKNT TbKATMSNT APPLIED TO AN UNDERGROUND 

Railway Tunnei. 

{London Tramport Eicecutit'e) 
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These tunnels are, of course, markedly reverberant when un¬ 
treated, and it has been found that a valuable reduction of the noise 
in the carriages is obtained by applying a sound-absorbent material 
to the lower part of the tunnel walls. A photograph of one of the 
experimental treatments (consisting of foamed slag behind a per¬ 
forated asbestos-sheeting front) is shown in Fig. 34. Absor^nt 
treatment at wheel level has been applied to the Stratford exten¬ 
sion of the Central Line in London. There has also been a sugges¬ 
tion that the noise in carriages of surface railways might be reduced 
by the use of sound-absorbent track ballast. Incidentally, measure¬ 
ments made on the German railways have shown that, on an 
average, the upholstered second-class carriages are 5 phons quieter 
than the un-upholstered third-class carriages.♦ 

The absorption coefficients of materials which commonly occur or 
which might be used out of doors have been measuredf and are 
reproduced in Table VIII. It will be seen from the Table that the 
coefficients mostly increase considerably with frequency and with 
the thickness of the material concerned. Thick layers of ashes 
(wet or dry), loose gravel, and foamed slag are all valuable absorb¬ 
ents, particularly at low frequencies. Turf, while absorbing less at 
low frequencies, is also useful, but compressed gravel and wet sand 
are poor absorbents. Heavy freshly fallen snow has so high an ab¬ 
sorption that it is recorded that during the construction of a shaft 
in the snow on the Jungfrau, those at the top of the shaft could not 
hear the shouts of men working at the bottom at a depth of 35 ft. 

* Zeitft.Jur Techn, Physik, 17, II, p. 00. 

t <J. VV, C. K»ye and E. J. Evans, Phya. Soc. Proc.^ Vol. 52, p. 371, 1940. 



CHAPTER VI 

INSULATION OF MACHINERY 

Mech4Kical equipment is an important potential source of noise 
in the modern building. Any of this equipment may, either by poor 
design or by unskilful mounting, render abortive the careful plan¬ 
ning which should otherwise have resulted in a quiet building. One 
can instance in this connexion lift machinery, ventilating plant, 
refrigerators, electricity generators, etc. The insulation and correct 
deaign of such equipment is an outstanding example of reducing 
noise at its source; the present chapter will deal with insulation. 

Sometimes the contractors who supply the machinery include 
with it an insulating mounting, but cases frequently occur in which 
this has been omitted, and insulating treatment may be necessary. 
It is probably worth while, in buildings which are to be quiet, 
to insulate all machinery rather than risk having to insulate it 
after the building has l^een put into commission, since the expense 
involved is not usually great. In the case of large machines, insula¬ 
tion is a task for the specialist; insulation of light machinery can 
often be dealt with by non-specialists. 

It should be pointed out that the subject to which this chapter is 
devoted is one upon which at least three books have been written ;* 
there is also an extensive literatiire.f It will be appreciated theiefore, 
that only a brief account can be attempted, and that recourse 
should be had to other works if detailed information is required. 

Noise generated by machinery consists of two parts: the first is 
air-bome sound heard directly from the machine; the second is 
structure-bome sound which is communicated to the fabric of the 
building via the machine 8upfx>rts. This travels with relative ease 
through building materials, and may generate airlwrne sound of a 
disturbing intensity over a wide area. 

Methods of dealing with air-borne sound will be dealt with first, 
leaving the prevention of noise due to structure-borne sound to 
later in the chapter. 

Reduction of Sound arising Directly from Machinery. Machinery 
(other than factory plant) which is noisy in itself has l)ecome less 
common since makers have paid more attention to this point. We 
are, however, still far from the happy state of having no noisy 
machinery, and a few remarks on methods of dealing with it are 
necessary. The method adopted depends upon the aim. If the aim 

♦ Kimball: Vibralion Prevention in Engineering; Eason: Tlie Prevention 
of Vibration and Noise; Timoshenko : V^tUion Probletns in Engineering, 

t See, for example, the bibliography given in Handbttch der Experimental 
Physik, 17, 3, p. 62. 
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is to reduce the sound transmitted out of the room containing the 
machinery to other rooms, the appropriate treatment is to reduce 
the noise in the machine-room and/or to increase the sound-insula¬ 
tion provided by the walls, doors, and windows of the room. The 
latter is dealt with in Chapters IX, X, XI, XII, and XIII. It is only 
necessary here to discuss meth(^s of reducing the noise in the 
machine-room. The most effective treatment for this purpose is 
to build suitably constructed covers over the machines, either 
individually or in groups. Some benefit can, however, usually be 
obtained by rendering the room surfaces sound-absorbent, and this 
aspect is dealt with in Chapter V. 

Sound-insulating covers often are a compromise between what is 
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acoustically desirable and what is practically possible. Frequently, 
as in the case of a calculating machine, the machinery cannot be 
completely covered, since there must be permanent access for an 
operator. In other cases heat dissipation becomes important (e.g. 
an internal combustion engine). A primary requirement is that 
there should be a minimum of structural connexion between the 
machine and its cover, otherwise this will in turn become a source of 
sound. The cover should not, therefore, stand upon the machine 
or the machine foundation. A useful construction shown in Fig. 35 
is to stand the cover upon sponge rubber, a material which serves 
the double purpase of mechanically insulating the cover and 
making a sound-tight seal between the cover and the floor. Alter¬ 
natively, the machine can, if possible, itself be mechanically in¬ 
sulated from the floor and hence from a cover standing directly on 
the floor. 

Where complete enclosure can be effected the design of the cover 
should follow, as far as possible, the principles of sound-insulation 
described in Chapters IX and X. That is, speaking briefly— 

(a) If single walls are provided, they should be as heavy as possible 
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and should contain no gaps or pores through which sound can leak. 
Doors may be necessary, and if so should be of soundproof design 
(see Chapter XII). 

(6) If the necessary weight for single walls is not practicable, a 
double structure should be used. A rough idea of the structure 
required can be obtained by measuring the noise level in the room 
made by the uncovered machinery and estimating the reduction of 
loudness (in phons) which is necessary to reduce the noise to the 
level permissible in the type of room concerned. (See Table XXIV, 
page 243.) As explained in (Chapter XV this number of phons is 
roughly equal to the average sound-insulation (in decibels) of the 
structure required. The details of the structure can then be deter¬ 
mined either by selecting a suitable material from Table XIV (page 
139) or by deducing from Fig. 84 (page 143) the weight per square 
foot which the material should possess. If, to save weight, complex 
insulating constructions are aimed at, suggestions for their design 
can be obtained from Table XVI (page 165). In some cases a light 
framework covered with building board will be sufficient (this 
material has the practical advantage that it is also sound- 
absorbent) ; in other cases heavy plywood, or, for greater insulation, 
a steel plate or cast-iron cover may 1 h^ more appropriate. In 
exceptional circumstances a brick or concrete construction may 
have to be built. If ventilation is necessary, it may be provided 
through sound-insulating ducts giving a suitable attenuation. (See 
Chapter VIII.) 

The effect of enclosing electrical machinery has Ixhui studied by 
E. Lubcke.* Fig. 36, taken from this papiT, shows a section of a 
cover of a large generator. In this cast* the cover is a double iron 
structure, the inner surfaces being lined with sound-absorlxuit. 
The noise level of the machine was reduced by this means by 
20 phons. 

If only a partial covering of the machine is possible, only a moder¬ 
ate reduction in loudness (which may, however, be very welcome) 
is possible. Figures do not s€*em to bc^ available for the loudness 
reduction obtainable from a partial covering, but there is evidence 
of a gtmeral nature which indicates that the greatest loudness 
reduction will n^sult if the interior surfaces of tlie cover are set 
as close as possible to the machine and are lined with a material 
having a high sound-absorption coefficient. (S<*e Fig. 37.) Natur¬ 
ally, the enclosure should be as complete as practicable. 

Where cooling of a completely enclosed machine is important 
something can be done by constructing the cover of metal with 
suitable cooling fins though this may involve danger of “drumming,'' 
if the metal is thin. (If this course is adopted, some part , but not all, 
of the metal cover should be lined with sound-absorbent material). 
Alternatively, some form of ventilation (probably forced) through 
♦ Techn. Phymk, Vol. 12. p. 570. 1935. 
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Ficj. 36. Cover of Large Generator 
{Sirmrns <£• Halske A. G., Berlin) 


a sound-insulating duct will be necessary. Fig. 38 shows the applica¬ 
tion of this treatment to an electric motor.* 

Insulation ol Vibration. Mechanical insulation of machinery is 
necessary in the modern building for two reasons. The first is that 
undue vibration (and the reference is largely to sub-audible 
• M. Krondl, }fei*nr tVAcoustiqfte, Vol. 2, p. 358, 1933. 
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frequencies) may not only cause damage to a building, but can also, 
even in intensities which would be safe from the point of view of 



Fio. 37. A Cover which Combines a Degree of Noise Reduction 
WITH Ventilation 



Fio. 38. Sound-insulating Machine Cover Designed to Allow 
FOR Ventilation 

the structure, cause annoyance to the occupants of the building 
simply because no one likes to be in contact with a floor which can 
be felt to be vibrating.♦ The second reason, which seems to have 

♦ See, for example, J. Francis .Smith : Journ, Inst, Chart, Surv„ 1938. 
The human response to vibration has been studied by various authors, 
including F. J. Meister, Akustische Zeits^ Vol. 1, p. 1, January, 1937; 
I. Katel, Retms cTacoustiqtie, Vol. 4, p. 86, 1935; If. M. Jacklin: Trans, 
8.A,E„ 38-39, p. 401, 1936. 
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been recognized later but is probably tending to become the more 
important, is that machinery, particularly the high-speed motors 
which find so many uses in the modem building, can also cause 
audio-firequency vibration which is radiated from the structure as 
audible sound. Both aspects of mechanical insulation will be dealt 
with in this section, but the emphasis will be upon the second. 

Machinery is usually insulated by standing it upon an elastic 
support proportioned so that the frequency of the free vibration of 
the machine on this support (natural frequency) is low compared 
to those of the vibrations generated by the machine.* It is scarcely 
appropriate to develop here the formula for the insulation afforded 



Fig. 39, Machine on Insulating Sitppokt (Frictionless) 

by the elastic support—the calculation can be found in almost any 
standard textbookf—but the simple explanation given below may 
serve to show the essential truth of the above principle. 

Noise and vibration generated by a machine are usually made 
more troublesome because the vibratory forces (due to unbalance, 
etc.) shake the floor or wall to which it is attached. The aim in insu¬ 
lating a machine is therefore to reduce the force transmitted to the 
floor or wall concerned. Fig. 39 represents a mass (machine plus 
foundation) supported on a spring which stands upon a floor. The 
vibratory forces generated by the machine will move the mass up 
and down with the same frequency (for simplicity only vertical 
forces and motion are consider^). The up-and-down motion of the 
mass will cause simultaneous variations in the deflection of the spring, 
which will consequently exert alternating forces on the floor. It is 
these forces which we desire to reduce to a minimum. Their magni¬ 
tude is determined by the stiffness of the spring (supposed for the 

• The dotermination of the frequencies of the vibrations generated by any 
particular machine may require the servicee of a specialist; in simple cases 
such as a machine containing a single revolving part (e.g. an electric motor), 
the lowest frequency in cycles per second is numerically equal to the rate of 
rotation in revolutions per second. Another simple case is a reciprocating 
compressor, in which the chief vibration frequency is equal to the number of 
strokes per second. 

t See, for example, Kimball: Vibrviiion Prevention in Engineering; A. H. 
Davir : Modem Acotistics. 
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moment frictionless) and the amplitude of motion of the mass, being 
in fact proportional to each of them. 

Before discussing methods of reducing these forces, we must look 
into the way in which the behaviour of the system depends upon 
the frequency of the vibratory force. If this force has a very low 
frequency, the mass is moved up and down slowly, and in these 
circumstances the force is resisted by the stiffness of the spring rather 
than by the inertia of the mass. That is to say, the amplitude of 
motion is determined largely by the stiffness of the spring. At high 
frequencies, however, the motion of the mass is rapid, and the 
amplitude is then determined by the inertia of the mass, the 
sti&iess of the spring having little effect. 

We can now again take up the question of reducing the forces 
exerted by the spring on the floor. When the vibratory forces are of 
high frequency, the forces exerted on the floor (which, as mentioned 
previously, are proportional to the stiffness of the spring and the 
amplitude of motion) can be reduced by making the stiffness as small 
as possible and the mass (which determines the amplitude) as large 
as possible. This may be expressed differently by remembering that 
the natural frequency of vibration of the mass on the spring is 
proportional to \/(8tiffness/mas8) (see Chapter I); it then appears 
that the greatest insulation results when the natural frequency of the 
support is as low as possible. As regards low-frequency vibration, 
however, the position is not so simple. In this region the amplitude 
is determined chiefly by the stiffness of the spring. Hence, an 
attempt to reduce the forces exerted by the spring by reducing its 
stiffness might be nullified by the resulting increased amplitude. 
It is difficult, in fact, to say from this sort of argument what the 
effect of altering the stiffness will t>e in this case. 

By mathematical analysis the insulation R obtainable from a 
support of this kind can be calculated. It is most conveniently 
expressed as— 

Vibrating force due to machine 
Vibrating force transmitted to foundations 


which can be shown to equal 

i? = (1 _ a2)2 


where 


Frequency of vibration due to machine 
Natural frequency of insulating support 


This result is expressed graphically in Fig. 40, in which the insulation 
(expressed as usual in decibels, i.e. 10 log^of^) is shown for increasing 
values of a. 

The curve shows that when the frequency of the driving force is 
very low, the insulation provided by the support is approximately 
0 db.; as the frequency increases, the insulation becomes increas¬ 
ingly negative (i.e. the support becomes increasingly worse than 
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useless), until the frequency is greater than the natural frequency. 
Thereafter, as the driving frequency increases, the insulation becomes 
less negative, and finally becomes positive once the frequency 
exceeds \/2 times the natural frequency. 



Fio. 40. Insulation Afforded by Undamped Machine Support 

FOR Different Ratios of Driving Frequency/Natural Frequency 

The aim should be, therefore, to arrange that the insulator is working 
as represented by the region B on the graph, i.e. the frequency of 
vibration of the insulating support should lie as small as possible 
compared to the frequency to be insulated against, and in order 
to bo worth while should be less than about one-third of this 
frequency. 

Uetho^ of Obtaining a Support having a Sufficiently Low Fre¬ 
quency of Vibration. Discussion of methods of obtaining a support 
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having a low frequency of vibration is much assisted by the use of 
a very simple formula, which is derived below. The frequency of 



/ 10 100 
Frequency. Cydes/see. 


Fio. 41. Graph showing Dkflkotion I of Insi lating Support 
REQUIRED TO GIVE THE LoADED SVSTEM A NATURAL FREQUENCY tl. 

{n ^ VliJfl) 

Note. For iiwulating support* other than springs, namely most elastic materials, 
the deflection obtained from the above graph or formula should be corrected by a 
multiplying factor K, values of which are given in Table IX. (A is the ratio of 
the dynamic to the static elasticity of the material, and varies with the load.) 


vibration of a mass 8upix>rted on a spring is shown in textbooks to 
be given by the formula— 

n - 3*17 \/{S/m) . . . (1) 
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where n is the frequency of vibration in cycles per second, 
m is the mass in pounds, 

S is the stiffness of the spring in pounds jier inch, i.e. the 
weight (in pounds) which will compress or extend the 
spring by 1 in. 

Now, the amount by which the spring is compressed when the 
mass is put upon it is obviously w/a 9 = Hn., say. 

We may therefore rewrite formula (1) as— 

n ~ 3*17/\/Z = \/(10/Z) with sufficient accuracy. 

Thus the greater the amount by which the spring deflects when the 
machine and foundation are put upon it, the lower will be the 
frequency of vibration of the machine on the support. 

It will be noted that the frequency and hence the insulation are 
determined by /, and I only. 

The formula provides a convenient way of calculating the strength 
of the elastic material required for insulating a given machine, and 
is accordingly shown graphically in Fig. 41. By use of this graph 
it is possible, once the vibration frequency of the support has been 
decided, to specify the insulating material in terms of the amount 
by which it should compress under load. Caution is required when , 
using this graph for insulating materials other than springs, since, 
as is well known, the elasticity of materials such as rubber, cork, 
and felt is greater for a steady load than for an alternating force, 
sometimes by as much as a factor of 10. Thus a static compression 
test can be misleading as regards the effi'ctive elasticity when the 
material is subjected to a vibratory force. For this reason, when 
using a graph of the t\’pe shown in Fig. 41, it is usual to employ 
a factor appropriate' to the material under consideration. Factors 
deduced from available published information are given in Table 
IX* ; this is only a rough method of taking account of the peculiar 
elastic proj>erties of these materials, but it is probably sufficient 
for ordinary purposes. The factors given are the figures by which 
the compression under load deduced from Fig. 41 should be multi¬ 
plied to deduce the compression n'quired to give the system a 
certain natural frequency. 

An important point emerges from Fig. 41. It will be seen that low 
vibration frequencies are obtainable only by arranging that the 
insulating material is deflected by a considerable amount under 
load; thus, a frequency of 1 e.p.s. requires that the deflection under 
load should be 10 in. Compressions of the order of several inches 
are very difficult to arrange, since the uncompressed thickness of 
the insulating material will need to be at least two or three times 

♦ A. J. Kino : Engineering, Vol. 144, p. 296, 1937; also Vol. 146, pp. 124 
and 198, 1938. See also B. £. Eisknhour and F. G. Tyzzer : Joum. Franklin 
Inst., p. 691, 1932; and C. Costadoni, Zeits.fiir Techn. Physik, Vol. 17. p. 108, 
1936. 
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TABLE IX 

Multiplying Factors (K) for the Deflection under Load of 
Elastic Materials 


Material 

1 Load 

(Ib./sq. in.) 

' K 

( 

10 

1-3-1-8 

Soft rubber sheet . . ( 

r>o 

1-4-21 

\ 

100 

1-6-2-3 

{ 

10 

16-5 

Felt. 

20 

11-8 

: 

; 50 

90 

(1 

1 10 1 

1 1*8 

Cork material . ! 

i 50 

3-3 

[' 

! 100 

1 50 

( 

! 10 

1 28-1 

Felt with cork laminae bonded with latex / 

20 

1 20-2 


50 

14-8 

1 

100 

117 


this thickness; a siinjile practicable method of achieving this 
deflection would be to suspend the machinery by steel springs, 
since insulating materials under a compression of this magnitude 
would tend to make the system top-heavy. Considerable deflections 
can be obtained in this way from a moderate length of spring. Insu¬ 
lating suspensions of this tjT)e are sometimes used for special pur¬ 
poses, but apart from the practical difficulty of constructing them, 
they tend to bounce so much that there are only a few purposes for 
which their use is possible. It appears, in fact, that supports having 
these very low frequencies of vibration are ordinarily impracticable, 
and hence that insulation against frequencies of the order of 3-5 
c.p.s. (180-300 per minute) is difficult to obtain. In these circum¬ 
stances it is best not to attempt insulation by an elastic support, 
since it is liable to magnify the transmitted vibration if the support 
frequency cannot be made low enough. It is fortunate that these 
frequencies are sub-audible, and hence will not cause a noise 
nuisance directly. It should not be forgottcui, however, that, if 
sufficiently intense, vibration at sub-audible frequencies can lead 
to noise by rattling objects such as windows and even crockery. 

Insulation against the lower audible frequencies of 20-25 c.p.s. 
(1,200-1,500 per minuU*) necessitates a support frequency of no 
greater than 5-8 c.p.s., i.(?. materials which deflect under load by 
about \ in. (provided the dynamic and static (elasticities are nearly 
enough equal ; more if they are not). Ileflections of this order are 
probably most easily obtained in practice by springs of steel, or 
rubber-like materials in compression, and these appear, -therefore, 
to have a good deal to commend them when insulation against 
these low frequencies is required. 

It should be remembered, however, that frequencies of the order 
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discussed above only just come into the audible range, and hence 
can have a relatively high intensity without being heard. Often, 
however, when vibrations of this frequency occur, they are accom¬ 
panied by higher frequencies which though less intense are more 
audible. In such cases the more important consideration would be 
to provide insulation against the higher frequency, and, if practical 
considerations demanded it, supports of materials other than those 
mentioned above could be fitted and would probably prove very 
satisfactory. 

Insulation against frequencies greater than 30 c.p.s. requires only 
relatively small deflections of the insulator, and the range of insulat¬ 
ing materials which can be used is accordingly widened. Practical 
considerations, such as those of durability and load-bearing 
properties, can then be given the place of primary importance. 

^ect of Weight of Bl^hine. Having decided upon the deflection 
of the spring under load, i.e. the ratio of the mass of the machine to 
the stiffness of the spring, which will provide the required insulation, 
it is possible to vary either of these quantities without altering their 
ratio, and the question is whether it is advantageous to do this, or 
to let circumstances, in the form of the weight of the machine, settle 
the matter without further thought. 

Theoretically, as explained earlier, the insulation provided by a 
given support is determined only by the relation between the driving 
frequency and the support frequency. Accordingly there appears to 
be no acoustical reason for adding to the weight of the machine 
before mounting upon the elastic support, although there may be 
practical considerations, sueli as the need for a foundation block 
with holding-down bolts, which will necessarily increase the weight. 
Increasing the weight of the foundations does not, in fact, result in 
a lower support frequency, since the springs will need to be strength¬ 
ened proportionately. As mentioned later, however, there may be 
practical reasons for adding to the weight of the support, e.g. to 
increase stability. 

Effect of Damping or Resistive Forces. We must now consider the 
effect of damping or resistive forces (which must not be confused 
with the elastic forces hitherto discussed). Damping or resistive 
forces are commonly present in insulating supports, either on ac¬ 
count of damptTs used to limit the motion of the support or because 
of internal friction in the elastic materials used; felt, for example, 
has a marked internal friction, while a steel spring has very little. 

Fig. 42 shows diagrammatically an insulating support similar to 
that shown in Fig. 39, but with the addition of a dashpot to represent 
damping either by external dampers or internal friction. The dash- 
pot acts as a brake upon the motion of the mass. Since this motion 
tends to be lai^e at a resonance, damping is valuable there. If this 
were the only consideration, damping would be a useful feature of 
an insulating support. It will be noticed, however, that the dashpot 
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provides an additional link between the mass and the floor, and hence 
to some extent short-circuits the insulation. Except, therefore, 
when it is necessary to limit the amplitude at a resonance, damping 
is inadvisable. The effects of damping are discussed in greater 
detail in the following paragraph. 

Fluid Friction and Solid lUction. A dashpot was chosen to repre¬ 
sent damping in Fig. 42. While this is the conventional way of 
representing damping, it may not exactly represent the dissipative 
force in an elastic material. 

The characteristic of damping afforded by a dashpot is that the 
damping force increases with the rapidity of movement, since it is 



Fig. 42. Machine on Inst;lating Support 

(‘ase in whicli there is internal friction in the 8upr>ort, or an external damper Is 
fitted 

produced by the viscous flow of a liquid (compare hydraulic damj^rs 
used in automobiles). This type of friction is U^rmed fluid friction, 
but experiment indicates that internal fricton in the elastic materials 
used for insulating machinery is not entirely of the fluid-friction 
type.* It apj)ears that there is also a type of internal friction 
which is independent of the rapidity of motion. This ty|)e of 
friction is termed solid friction on account of its being a character¬ 
istic of friction between solid surfaces (compare the friction type of 
damper used on automobiles). A simple explanation of this behav¬ 
iour could be that the internal friction is caused by different parts 
of the material rubbing together during distortion. Both types of 
friction are probably always present, but their relative amounts 
vary with the material.f 

♦ A, L. Kimball: Phyttical Review^ December 1927; E. Schmidt: Gesund, 
Iny., Vol. 46, p. 61, 1923; E. Winteroebst: SchalHechnikt Vol. 4, p. 86, 
1931; C. CosTADONi : Zeits.fur Techn. Phyaik, Vol. 17, p. 108, 1936; E. Meyer 
AND L. Keidel: Vol. 18, p. 299, 1937; H. Neubebt: Akuatiacha Zeita., 

Vol. 2, p. 34, 1937. 

t To the ph 3 rsici 8 t the difference between the two types of fridlion is that 
in the case of fluid friction the coefHoient of the velocity in the equation of 
motion is constant, but in the case of solid friction it is inversely proportional 
to the frequency. 
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The importance of the distinction can now be seen. If the internal 
friction in a material is of the fluid-friction type, then the amount 
by which the insulation is spoiled by the friction will clearly increase 
as the frequency of vibration rises, since the velocity corresponding 
to a given amplitude of motion increases with the frequency. If 
however, it has the characteristic of solid friction, the deleterious 
effect will not change as the frequency rises. 

The difference between the effects of the two types of friction is 
shown in Figs. 43 and 44, which are drawn from the appropriate 
formulae.* In Fig. 43 the insulation to be expected is shown for 
several different degrees of fluid friction damping. It will be noted 
that as the damping is increased the loss of insulation at resonance 
is reduced, but at the same time the insulation at greater frequencies 
decreases, the effect being greater for high frequencies than for low. 
On the other hand, in the case of solid friction (Fig. 44) a damping 
which is sufficient almost to obliterate the resonance decreases the 
insulation at the higher frequencies by only a comparatively small 
amount, which does not vary with the frequency. 

It will be seen that it is important to decide which type of friction 
is predominant in an insulating material. Not much information 
has been published on this point, but it seems that, at least in the 
case of homogeneous materials such as rubber or cork, the dissipative 
forces are characteristic of solid rather than fluid friction. It follows 
that, where materials of this type are used, their internal friction 
(which in some cases may, to prevent bounce, make them preferable 
to springs), is not necessarily so harmful as is sometimes supposed. 

Necessity for Damping Resonance of Support in Certain Cases. 
As explained earlier, the greatest insulation results if the elastic 
support is undamped, and this is the ideal to aim at ordinarily. 
There are circumstances, however, in which a degree of damping is 
advisable. The most commonly encountered example is the case of 
a machine of variable speed. If the speed of the machine is ever 
likely to be in the neighbourhood of the sup|K)rt resonance frequency 


* Tlie furinulae are— 

(I) For fluid friction: 

IiiAulatioii in (lecibeU 


10 logjo 


a*6* (1 - a*)* 

1 + 


where h ^ R\^(MF) ; 3f, and F being the eoeffioients in the usual equation 

Md^x Rdx 

of motion .- H-;- \- Fx — 0. 

flF at 


Note, b is proportional to the logarithmic decrement of the system; 
a driving frequency/natural frequency. 


( 2 ) 


For solid friction: 

Insulation in decibels -- 10 log|o 


+ (1 - a«)» 
1 + c* 


where c a6; but in this case h is no longer constant, but is inversely pro¬ 
portional to the frequency; c is therefore a constant. 
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for an appreciable time, dangerous vibration may occur unless damp¬ 
ing is introduced. A reciprocating engine which takes a perceptible 
time to run up to full speed would be another special example of this. 
In these circumstances springs would be contra-indicated unless 



Fio. 43. Inhixation Afforded bv Flexible Sc prort with Varyino 
Degrees of Viscouh-type Frictio.v 

special dampers, similar in action to automobile spring dampers, 
were fitted, and a material such as cork would be more suitable. 
The ordinary small electric motor runs up to full speed so quickly 
that resonance effects are unlikely to arise and damping is 
unnecessary. 

A method of incorporating a degree of damping in a steel spring 
is shown in Fig. 46.* The spring is precompressed to such an 
♦ G. Lindenau; Die ScheUUechnik, Vol. 7, p. 16, 1936. 
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extent that the load to be carried would just ‘‘float” on it; the 
spring is then embedded in a suitable rubber compound which acts 
as a ^mper. 

Since damping may decrease the insulation obtainable, no greater 



Dr*mn^ Fr^utncu 
JkttunoTFi^qutney 


Fig. 44. Insulation Affouded by Flexible Support with Varying 
Degrees of Solid-type Friction 


damping should be employed than is absolutely necessary. Such 
matters are probably best determined by experiment. 

Effect of More thim One Mode of Vibration. We have assumed so 
far that the insulating support can vibrate vertically only, and that 
the machinery to be insulated produces only a vertical driving force. 
Actually, this is scarcely ever true. Supports can almost always 
vibrate in other ways also, and machinery may generate horizontal 
vibrating forces and also torsional forces. In fact, an elastic support 

4—(T.95) 
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normally has six modes of vibration, four of which are shown 
diagrammatically in Fig. 46. (The remaining two are: sideways, 
similar to (6), but in the other direction; and tilting, similar to (c), 
but in the other direction.) To each mode of vibration corresponds 
a natural frequency. The support thus has six possible frequencies 
of vibration. The relative importance of the different forms of 



Fjo. 4.>. Damping Incokpoiiatki) in \ SpJtivfi Insi;i.\tok 

(Km'U Zorn A. (J., Iterlin-UrinerMlorf ) 


vibration of the 8up[X)rt defxmds u|)on the cliaracter of the vibrating 
force generated by the machine. For example, if the machine 
generated a pure vertical vibration, the horizontal mode of vibra¬ 
tion of the support would be relatively unimportant. There are 
very few machines for which this is true, but more commonly, as 
stated above, vibratory forces arc likely to occur in all directions. 
All modes of vibration of the support are then important, and for 
effective insulation all the six natural frequencies should, in 
accordance with our rule (page 79), be less than about one-third of 
the driving frequency. 

(Calculation of the natural frequencies in any particular case is 
complicated,"^ and is best perform^ by specialists, but will, however, 

♦ Formulae for this purpose have been given by K. H. Hri.r.: Journal of 
Applied Meehanice, Vol. 4, A. 109, 1937. 
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probably be required only when the support frequencies cannot be 
very much lower than the driving frequency. Thfe foUows, speaking 
quite roughly, from the fact that the frequencies corresponding to 
the various modes of vibration are usually much the same, so that 
if one is markedly lower than the driving frequency, the others 
probably will be also. If, however, the frequency of vertical vibra¬ 
tion (the form of vibration ordinarily considered) is, say, only about 
a third of the driving frequency, it might happen that the frequency 

A 



W (b) 



(c) (d) 


Fig. 46. Illustrating Four of the Degrees of Freedom of 
AN Insulating Support 

(а) Vertical, compressing insulating material. 

(б) Sideways, shearing insulating material. 

(c) Tilting, compressing insulating material. 

(</) T\\i8ting, shearing Insulating material. 

of one of the other modes of vibration was so much nearer the 
driving frequency that the insulation would be spoilt. In such 
cases the frequency corresponding to each mode of vibration should 
be calculated and the insulation proportioned so that the correspond¬ 
ing resonances are not injurious. Ordinarily, it would be sufficient to 
design the support so that the frequency of vertical vibration is 
amply low compared to the driving frequency and to assume that 
the other frequencies will thereby be dealt with. It is inadvisable, 
of course, to impose a rigid restraint upon these other modes of 
vibration, even if the vertical vibration is thereby unaffected. A 
case in point is a machine mounted on rubber blocks; these should 
be “jelly-like,*' and attempts, such as are sometimes seen, to restrict 
the sideways wobble are ill-advised. There is, of course, no objection 
to providing cushions (proportioned in accordance with the principles 
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discussed here) to take, for instance the pull of a belt. The above 
discussion applies, of course, equally to a machine mounted on 
springs. 

Ef^t of Resonances in Insulating Material. In addition to the 
fact that elastic supports have several resonance frequencies, corre- 



spiral spring 
15 cm. 


SO 
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Kicj. 47. Effect of Resonances on Transmission of a Spring 
Insclator 


spending to different modes of vibration, there is a further complica¬ 
tion which requires attention, namely the fact that additional 
resonances may occur witliin the insulating material. This is par¬ 
ticularly liable to occur in the case of helical springs, since the 



50 iho 200 500 lOOOHi 

Fig. 48. Effect of Resonance.s on Transmission of a Kurhkr 

Insulator 

velocity with which a compression in the helix is transmitted is 
very low. It will readily be seen that if a weight is supported upon a 
spring there will be, in addition to the up-and-dou7i motion of the 
mass on the spring, other vibrations in which, while the weight 
remains relatively still, the centre part of the spring, by virtue of 
the inertia of the coils, vibrates up and down, The spring can, in 
fact, perform many variants upon this type of vibration*, and hence 
has numerous resonances. An insulating support mojunted upon 
helical springs is therefore liable to have a large number of resonances 
in addition to the fundamental one, which is given by the ordinary 
* One sees this when steel springs are used as gongs in clocks. 
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calculation on page 81. At any one of these resonances the insula¬ 
tion provided can fall very low. The phenomenon is exhibited in 
F'ig. 47 taken from a paper by Meyer and Keidel,* which shows the 
results of measurements made of the transmission (note, not the 
insulation) provided by a weight supported upon a spring. In 
Fig. 48 similar measurements made upon a 4-in. thick block of 
rubber are shown. This shows one resonance in addition to the 
fundamental. The upper resonances in rubber are not so important 
as they are in the case of steel springs. The above facts would be a 
strong argument against the use of helical springs were it not possible, 
by simple means, to remedy the defect. The cure is to use, in addi¬ 
tion to the springs, a subsidiary insulator which will insulate against 
the harmonies of the spring, although it will probably be ineffective 
against tlu' low frequencies, for the insulation of which a steel 
spring is ])articularly well suited. Such an insulator is provided by 
a pad of felt or rubbc^r laid between the spring and its bearings at 
(‘ach end. 

Effect of a Resonant Floor Beneath a Machine. The floor upon 
which the insulating support stands has its resonance frequencies 
also, and a mention of the effect of these resonances is necessary. 
The theory has been worked out by various authors,f and readers 
interested sliould consult one or other of the references given. The 
chief conclusions an* that the compound mechanical system formed 
by the support and the resonant floor has two resonance frequencies, 
one of whicli is usually much higher than the other, which are not 
the sami' as the individual resonance frequencies of the support and 
the floor. If eitlau' of th(*se frequencies coincides with the frequency 
of the driving vibration, marked transmission will result. The actual 
amount of th(' %ubration introduced in this way is limited by the 
comparative stiffness and mass of the floor; resonance of the floor 
is therefon* only likely to be important when a heavy vibrating 
machine is concerned. 

Other Methods of Insulating against Vibration. In this section will 
be d(*scribed a few methods of insulating against vibration which 
differ from the simj)le mass and elastic support treatment discussed 
so far. 

(a) Loiv-pa.ss Mechanical Filter. Instead of using a single mass on 
an elastic su}>port, a combination of a number of insulating elements 
can act as what is known as a low-pass mechanical filter. A tjqiical 
system is shown in Fig. 49, in which four elements have been com¬ 
bined. Such a system differs from the simple insulating support in 
that, instead of the insulation passing through a minimum value in 
the neighbourhood of the resonance and thereafter continually 

* E. Meyer and L. Keidel : ZeiUi.fur Teclw. Physik, Vol. 18, p. 299, 1937. 

t H. Bbrqeh; Oe.9. Ingr., Vol. ,36, p. 433, 1913. See also A. B. Eason: 
The Prevention of Vibration and Noiee (Oxford Technical Publication); and 
A. L. Kimball: Vibration Prevention in Engineering (John Wiley A Sons). 
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increasing (above the resonance) as the frequency rises, it is low up to 
a certain frequency and thereafter rises sharply to a value which is 
steadily maintained as the frequency is increased. The frequency at 
which the insulation commences to rise is given approximately by 
the formula— 

Cut-off frequency = 3-17 's/iSjm) 

where 8 is the stiffness of the individual springs or resilient layer in 



Fig. 49. Machine Support used to give Good Insulation .\t 
Medium and High Frequencies 



mechanical 
low pan 
filter {ruhher 
layers and 
masses) 

iOOO Ht 


Fig. .50. Transmission of Support of A hove Type 


pounds per inch compression and m is the weight in pounds of the 
individual masses. 

Meyer has tested a filter of this type in which rubber layers were 
used, and has obtained a transmission (see Fig. 50) corresponding to 
what has been stated above.* This type of machine mounting is 
not often used, but it has value where exceptionally good insulation 
is required at medium and high frequencies. 

♦ E. Meyer and L. Keidel : ZeUs.fiir Techn, Physik^ Vol. 18, p. 299,1937. 
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(5) Dynamic Vibration Absorber, Where the disturbing vibration 
has a very constant frequency, it is possible to reduce the effects 
of the vibration very considerably by using dynamic vibration 
absorbers. These do not insulate; rather they automatically bal¬ 
ance the machine. They consist, in principle, of a mass attached 
to a spring which is fixed to the machine. The spring and mass 
are proportioned so that the frequency of vibration of the mass 
on the spring is exactly equal to the frequency of the disturbing vibra¬ 
tion. Naturally, a pronounct'd resonance effect occurs, and the mass 



Fia, ol. The Holst Damper 

Damper attached to electric traiisHiission 
line to reduce vibration caused by wind. 
Sometimes tlic tube contains a viscous fluid. 


Fig. 52. The Stockbridge Damper 

Two masses of steel ir arc attached to the 
line through a piece of .stranded cable which 
acts as a spring and which at the same time 
lias sufficient friction betw cen the individual 
wires of the cable to ensure energy dissipation. 


vibrates with a considerable amplitude. It happens, however, 
that the phase relationships automatically adjust themselves, so 
that forces which arise from the periodic tensioning of the spring as 
the weight vibrates tend to balance the disturbing \ibration forces, 
and, indeed, a powerful opposing force is produced. This form of 
vibration absorber finds frequent application; sometimes it consists 
of a weight sliding in a tube and attached to a spiral spring (the 
Holst damper. Fig. 51), and sometimes of a cantilever spring sup¬ 
ported at the middle and having a weight at each end (the Stock- 
bridge damper, Fig. 52). 

Various dampers for reducing torsional vibration, for instance of 
crankshafts of Diesel engines, have been described.* The principle 
is in general the same as that of the simple dampers mentioned above, 
but modifications in design are necessary if the damper is to be 
effective over more than a limited range of engine speed. A type 
which will operate at practically all speeds is shown schematically 
in Fig. 53. A disk A is keyed solidly to the end of the shaft B, while 
C is a mass rotating freely on a bearing D, which is attached to A, 

* J. P. DEN Martoo: Journal of Applied Physics, Vol, 8 , p. 70, 1937. 
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A non-uniform rotation of A will set C into resonant vibration, thus 
absorbing the energy of the torsional vibration of the shaft. 

PRACTICAL CONSIDERATIONS IN MACHINE INSULATION 

The insulators available may be divided into three classes, those 
using metallic springs, those using specially designed rubber insu¬ 
lators, and those using layers or pads of other elastic materials. 
Metallic springs have largely'* held the field so far for heavy loads, 
and also have the advantage that they can be designed to receive 
big deflections and are accordingly useful for insulating against 
very low frequencies. The others have certain advantages on the 
score of cheapness, and also because their use is very simple. 



Fig. 53. Principle of One Type of Damper for 
Reducing Torsional Vibration 

There are one or two practical considerations which apply to the 
design of all vibration insulators. Where impacts have to be insulated 
against, these are particularly likely to excite resonances, and hence 
it is advisable that the motion of the insulators should be damped 
though this may mean some loss of insulation at other frequencies. 
If the machine to be insulated has a high acceleration, steps should be 
taken to check the ‘‘kick,’' which the insulator will receive when the 
machine is started. This can be secured by attaching the machine to 
a base having considerable inertia, the springs being underneath this 
base. (See Fig. 54.) In this way, not only is the initial momentum 
due to the machine starting reduced, but the actual motion is also 
reduced on account of the greater stiffness of the springs which the 
greater weight has necessitated. An alternative is to fit suitably 
disposed buffers of sponge or solid rubber. In the case of tall 
machines, such as vertical reciprocating engines, a massive base also 
gives greater stability. 

When the machine in question is used to drive other machinery, 
problems of transmitting the drive may arise. The ideal solution to 
this problem is to mount the entire equipment upon an insulated 



INSULATION OF MACHINERY 


95 


foundation. (See Fig. 55.) If this is not possible, the insulated 
machinery must be installed so as to provide an effective resistance 
to the pull of the belt or the torqiie of the shaft, whichever method 
is used for transmitting the power. The use of elastic buffers for this 
purpose has already been referred to. 

It may be worth while to remind the reader that the insulation 
provided by an elastic support will suffer if rigid connexions are 



Fig. 54. SpRiNG-MorjfTEi> Diksel-dkivkn Generator 
Notf the luassixe romuiatioii block. 

(VhnsUe cC i^rey lAd .) 


provided, e.g. by electric conduits or air pipes. These connexions 
also must, obviously, be made flexible. (See Chapter VII.) The 
flexible pipe connexions to the compressor in Fig. 55 will be noted. 

In this connexion it should be remarked that it sometimes happens 
that loose cover plates, provided to keep dirt, etc., away from 
insulation below a sunk foundation, bridge the essential air gap 
round the sides of the foundation. A design consisting effectively 
of two overlapping, but not touching, pieces of angle iron (see Fig. 
50) has been suggested by W. Hausler.* 

Use of Metal Springs. Metal springs can carry heavy loads, and 
with reasonable care will last practically indefinitely. Their chief 
merit, from the insulation point of view, is that they can easily be 
designed for big deflections, and hence are suitable for insulating 
against very low frequencies. Helical springs should, as explained on 

♦ Heizung unci Ltiftung (Swiss), January, 1936, p. 9. 






96 


PRINCIPLES AND PRACTICE OF SOUND-INSULATION 


page 91, be supplemented with a layer of elastic material such as felt 
or rubber on each bearing surface, to deal with the high frequencies 
which are liable to be transmitted along springs. The box type of 
spring (Fig. 57) has an interesting construction in that the spring is 
pre-compressed by the bolt shown at the top, and is adjusted so that 
when the load is applied, the load-bearing plate rests just clear of 
the side members of the box. The box construction assists the 
spring to withstand the sideways pull of a belt, and the felt lining 
to the outer shell should be noted. Springs of this type have 
been used for loads of between 40 and 10,0001b. per insulator. 



FlO. 55. INSI LATION OF BkLT-DIUVKN Alll COMFRESSOH 
Instaixed in a Bank 
(IF. ChrittU Grey Ltd.) 

Heavier loads may be supported uikjii laminated springs of various 
types. 

Use of Rubber Insulators. Wh(*n rubber is used for vibration 
insulation it is scarcely ever used as a continuous sheet as are the 
majority of elastic materials; inst^^ad it is usc^d in the form of small 
blocks, which often have special shapes and almost always have 
carefully calculated proportions. It is presumably for this reason 
that rubber insulators are referred to, particularly in the United 
States, as ‘‘rubber springs,” a t<?rm which is so convenient that it 
is employed here. Rubier has one peculiarity which distinguishes 
it from other insulating materials, namely, it derives its elasticity, 
not from an ability to be compressed, but from its ability to flow. 
Actually rubber is very incompressible (its bulk mmlulus of elas¬ 
ticity is about the same as that of water), very great forces being 
required to make appreciable changes in its volume. It follows that 
if rubber is to be elastic, room must be left for it to expand in one 
direction when it is compressed in the other. Continuous sheets of 
rubber should not, therefore, be used for insulating purposes, con¬ 
siderably greater compression and hence insulation being obtainable 





INSULATION OF MACHINERY 


97 



Fio. 56. Cover Plates Designed to Avoid Rigid Connexion 

BETWEEN InSI’LATED MACHINE AND FlOOR 



Fig. 57. Box-type Spring Insulator 
{The Cementation Co. Ltd,) 


by using a number of small pads, leaving space between them 
to allow for expansion. 

The fact that the apparent elasticity of a rubber pad depends 
upon its general proportions is disconcerting when an attempt is 
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made to give a figure representing the elastic properties of a par¬ 
ticular rubber. The difficulty has been overcome* by using a unify¬ 
ing factor termed the arm ratio. This is the ratio of the total load- 
bearing area to the area of the unconfined edges. It has been shown 
that, for the same quality of rubber, blocks having the same area 
ratio will deflect by the same amount when subjected to the same 
load per unit area. Thus a 1 in. cube of a given rubber (area ratio, 
2 : 4) would have the same elasticity as a 2 in. cube (area ratio, 
8 : 16) or a pad 4 in. by 2 in. by 2 in. thick (area ratio, 16 : 32). 
Curves which relate the deflection for a given pressure with the 
area ratio have been given by Keys for five typical good-quality 
rubbers, and these are reproduced in Fig. 58. Certain apparent 
inconsistencies which may be seen in these curves are attributed 
by Keys to slipping between the rubber and the metal bearing 
plates. Physical data for these rubbers are given in Table X. 


TABLE X 

Approximate Physical Properties of Various Rubber Compounds 


Rubber Compound 

A 

B 

1 

C 

1 

D 

E 

Nominal hardness: 




i 

1 


Shore durometer .... 

30 

40 

50 

60 

70 

Pusey & Jones plastometer 

175 

145 

117 

92 

70 

Specific ji^ravity .... 

Tensile strength of original cross-section, j 

101 

1 

106 

Ml 

M7 

1-24 

Ib./sq. in. ..... 

2,000 

2,800 

3,500 

3,500 

3,000 

Elongation at rupture, per cent . 

580 

750 

700 

600 

700 

Shear modulus, Ib./sq. in. . 

Average tension modulus fur 0- 10 per 

48 

65 

84 

108 

166 

cent elongation, lb.'sq. in. 

Vibration data at 77' F.; 

128 

190 

1 

240 

— 

—. 

Energy loss per cycle, |)er cent 

161 

18-4 

38*9 

60-6 

77-3 

Decrease in amplitude, per cent 

8-5 

9-6 

21-8 

37-3 

52-4 


These figures are given as being representative of good-quality 
rubbers. Unfortunately they are not sufficient to define the rubber 
exactly, but probably the figures given are near enough for ordinary 
design purposes, which do not usually demand very great accuracy. 

The process of selecting a suitable rubber pad would be to decide 
upon what load it can safely bear, and then from Fig. 41 and Table 
IX to decide how far it should deflect under load to give the 
appropriate support frequency. It remains then to decide to what 
extent the total required area of rubber can be split into separate 
pads. Finally, a thickness is chosen for the pads which by giving 
the appropriate area ratio will provide the required elasticity. The 

* W. C. Keys : Mechanical Engineering^ May 1937, p. 345. 
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extent to which the total area can be cut up will probably be 
decided chiefly by questions of stability. If the rubber is in com¬ 
pression, it is probably unwise, on this account, to use a base having 
dimensions less than the thickness. Something between a cubical 
pad and one which is almost twice as wide as it is thick seems to 
work very well in practice. 

Rubber can be used stressed in compression, extension, or shear. 
Rubber stressed in compression carries heavier loads with smaller 
deflections than rubber stressed in shear. Rubber in shear has 
important applications where a support having a low natural 



Fio. 59. Machine Mounting using Rubber in Shear 


frequency is required. For using rubber in this way what is known 
as a “sandwich” is made, by bonding or adhering plates of steel or 
certain other metals to both sides of a rubber slab. The advantages 
claimed for this type of mounting are— 

1. Large deflections are permitted. 

2. No slippage occurs, thus eliminating abrasion and wear. 

3. The support can be cushioned vertically, while it is restrained 
horizontally. 

Rubber can be made to adhere very strongly to metals, some 
manufacturers guaranteeing a bond strength of 200-250 Ib./sq. in.; 
usually, however, the bond between the rubber and the metal is 
stressed at only 25-50 Ib./sq. in. Good practice requires the thick¬ 
ness of rubber used in shear to be not more than one-quarter of the 
smaller of the other two dimensions. Practical considerations appear 
to limit the thickness of rubber used in this way to not more than 
2 in. Accordingly, when springs of greater thicknesses are required, 
they are made from two or more sandwiches bolted together. Fig. 
59 illustrates a typical rubber spring designed for larg^ deflections 
in the shear plane. 

Rubber in shear is also used in the type of machine insulation 
shown in Fig. 60. 
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A rubber spring designed for a load of the order of a ton and 
intended for use on a street car is shown in Fig. 61. 

While purpose-made machine insulators such as those described 



Kia. 61. Rubber Street-car Spring 


above are very useful and often essential, quite satisfactory insula¬ 
tion can often be obtained merely by standing the machine concerned 
upon appropriately proportioned rubber blocks. For rough design 
it may be taken that good-quality flexible rubber about an inch 
thick and loaded to about 40 Ib./sq. in. gives very satisfactory insu¬ 
lation, provided individual pads do not have a greater area than 
two or three square inches. 

In some cases special rubber is required, e.g. if it has to withstand 
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oil or high temperature. Oil-resisting synthetic rubbers are obtain¬ 
able ; sometimes oilproofing is achieved by varnishing the rubber.* 
Drift of Rubber. One property of rubber which requires mention 
is its drift under load. This subject has been investigated by several 
authors.f The conclusion seems to be that the drift of good-quality 
rubber 1 in. thick, under safe working loads is small, being not 
more than about 0*01 in. per year. 

Those interested in the subject of rubber as a vibration insulator 
may be referred to a book by Thum and OeserJ, in which the design 
of rubber supports and machine beds is discussed in detail. 

Use of Insyating Materials Other than Rubber. Certain materials 
other than rubber are used for insulating machinery. Among 
these can be mentioned cork (natural and granulated), f(^lt, and 



Fig. 62. Cork Insi lation, showing Iron Band vsed to Bond 
IT Together 

Note that the iron band docs not cover the whole depth of the cork. 

(W, Christie d' Urey Ltd.) 


proprietary materials consisting of alternate layers of cork and felt. 
Natural cork is often used in the form of a number of strips bound 
together by an iron band round the edge (Fig. 62). These materials 
are commonly used as layers having the full area of the machine 
foundation. A typical method of construction is to place the 
insulating material on the floor and to cast a concrete foundation 
block directly on to it, taking care that wet concrtjte does not drij) 
down and short-circuit the in-sulation. 

There is some reason for believing that in general materials of 
this type are not so useful for insulating against very low-frequency 
vibration as are properly designed springs of rubber or metal. 
Some test results which have been obtained for representative 
materials are given in Table XI. It will be noted that the d\Tiamic 
elasticity (i.e. the elasticity under an alternating force) of these 
materials usually increases as the load increases, a phenomenon 
which distinguishes them from metal springs. 

♦ E. H. Hull {Journal of Applied Mechanical Vol. 4, p. 109,1937), doRoribes 
the use of coverings of flexible glyptal lacquer and plasticized shellac for this 
purpose. 

t C. F. Hirshfeld AND E. H. PiRON: Trans. Amr. Soc. Mech, Eng., 
Vol. 69, p. 471, 1937; E. H. Hull: Journal of Applied Mechanics, Vol. 4, 
p .109, 1937; A. J. Kino: Engineering, Vol. 144, p. 296, 1937. 

{ CfufnmifederungenfurortfesteMaschinen{V.D.I. —Verlag, 1937). 





INSULATION OF MACHINERY 
TABLE XI 

Dynamic Elasticities of Various Insulating Materials 


103 


Material 

Area 

of 

Specimen 

1 (sq. in.) 

Thickness 

of 

Specimen 

(in.) 

Load 

(Ib./sq. in.) 

Dynamic 
Elasticity 
(Ib./sq. in.) 

Hair felt* * * § . . . i 

9 

1 

100 

6,000 


1 

1 

50 

5,515 




10 

3,400 

Ordinary compressed 

49 1 

j 0-8 

100 

5,000 

corkf 



50 

4,500 



i 

15 

4,000 

Specially soft cork| 

47 

j 0*8 

40 

780 




15 

500 

Cork-felt-corkf 

49 

0-8 

20 

, 2,100 

1 

1 

10 

1 1,600 


In Table XII are given some results obtained for various insulat¬ 
ing materials by Eisenhour and TyzzerJ which are expressed in a 
different way. They show the measured natural frequency of 
various loads supported upon the material. This method of present¬ 
ing the results is useful, since it is by making this frequency less than 
that of the vibration generated by the machinery in question 
that adequate insulation is obtained. The results apply to materials 
1 in. thick; but, roughly speaking, the frequency for other thick¬ 
nesses of material could be calculated by dividing the frequency 
shown in the table by the square root of the thickness. 

Safe Loads for Insulating Blaterials. The information available 
regarding safe loads for insulating materials is sketchy, and the 
figures given vary over a wide range. Figures for proprietary mater¬ 
ials can usually be obtained from the manufacturers. Rubber can be 
safely stressed up to 40 and 50 Ib./sq. in., loads of 80 and 90 Ib./sq. in. 
having been recommended.§ This is not inconsistent with the data 
in Fig. 58, which indicate safe loads increasing with the area ratio up 
to 200 Ib./sq. in. A safe load for cork seems to be 50 Ib./sq. in., and 
probably this figure would be safe for felts. 

Life of Insulating Materials. Very little reliable data are available 
on the life of insulating materials, as so much depends on the 
quality of the sample and the conditions of use. Experience of rubber 


* A. J. King: Engineering, Vol. 144. p. 296, 1937; Vol. 146, pp. 124 and 
198, 1938. 

t C. Costadoni: Zeits. fur Techn. Physik, Vol. i7, p. 108, 1936. 

X B. E. Eisenhour and F. G. Tyzzer; Joum, Franklin Inst,, p. 691, 1932. 
These investigators oonoluded that the elasticity of cork and felt did not 
depend appreciably upon the area of the specimen (compare rubber). 

§ E. H. Hull; Journal of Applied Mechanics, Vol. 4, p. 109, 1937. 
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TABLE XII 

Natural Frequencies of Various Loads upon Elastic Materials 
Dimensions of samples, 30-144 sq. in. by 1 in. thick 


Frequency (c.p.s.) under loads (Ib./sq. in.) 


i ‘ 

5 

20 

60 

100 

Natural cork 

74 

54 

35 

24 

18 

Compressed cork (light) 

83 

50 

33 

26 

— 

„ „ (medium). 

99 

58 

36 

26 

24 

„ (heavy) . 

— 

63 

39 

26 

26 

Fibreboard 

01 

42 

28 

22 

22 

Felts — 






Hair 

! 31 

24 

21 

21 

24 

Asbestos . ! 

1 

1 38 

26 

21 

21 

Wool . 

33 

' 25 

22 

21 

26 

Jute 

1 

! 36 1 

1 1 

1 

30 

26 

21 


engine mountings in the relatively hard conditioiLS of service found 
on road vehicles indicates at least 10 years as a reasonable expecta¬ 
tion of life. There is some indication that a routine replacement of 
rubber springs every 5 years may be desirable if a very high stan¬ 
dard of insulation is to be maintained under arduous service con¬ 
ditions, but periodic inspection usually shows signs of deterioration. 
As far as cork is concerned, it was thought advisable to replace the 
cork insulation under the experimental rooms at the National 
Physical Laboratory (Acoustics Department) after about 7 years* 
service. 




CHAPTER VII 

NOISE DUE TO WATER SYSTEMS 

Noise arising from water services can be treated in three ways. 
Firstly, and best of all, the noise can be avoided by preventing its 
generation, for example, by using quiet fittings, such as silent w.c. 
flushes and silent taps. Secondly, steps, which will be described 
later, can be taken to prevent the sound arising in fittings from 
being transmitted to the water pipes. Thirdly, if the above steps 
are not possible, treatment designed to prevent the radiation of 
sound from pipes must be used. The three lines of attack will be 
dealt with in the following pages. 

Methods of Preventmg Noise from being Generated in a Water 
System. The following are common sources of noise in a water 
system— 

1. Equipment associated with the water system, e.g. pumps. 

2. Vibration of the water system as a whole, viz. water-hammer. 

3. Turbulence in water flowing in the system. 

4. Falling water (e.g. bath wastes, w.c. flushing). 

1. Noise from Equipment Associated with the Water System. Boil¬ 
ers, pumps, and water taps are a few examples of potential sources 
of noise. The first named may give rise to noise when the furnace 
is raked or stoked, so probably mechanical stoking would be less 
likely to offend in this connexion than hand stoking, though even in 
this case a little care can make the equipment quieter. For example, 
the mechanical stoker can be mounted upon insulating material to 
prevent the transmission of vibration to the building structure. 
Similarly, it may be advisable to insulate the compressor unit of 
oil-fired boilers. Incidentally, oil-fired boilers have given noise 
trouble on account of flame roar, though this can be overcome by 
careful design. 

Where it is particularly necessary that noise should not pass from 
a boiler room into the rooms above, the ceiling should be rendered 
sound-insulating in accordance with the principles described in 
Chapter XIII. The doors and windows and, if necessary, the walls 
of the boiler room should be soundproofed (Chapters IX-XII), 
artificial ventilation being provided if required (Chapter VIII). The 
piping should be supported from the floor of the boiler house rather 
than from the ceiling. 

As regards noises caused by circulating pumps, centrifugal pumps 
are as reasonably quiet, provided they are of the low-speed type 
(below 1,000 r.p.m. has been recommended). It is usual to find 
the driving motor directly coupled to the pump, with the result 
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that noise from the motor may be transmitted to the water system 
and thence about the building. To avoid this trouble, the pump 
may have a belt drive, the motor being mounted on insulating 
supports above the pump casing. 

The design of silent taps should, strictly speaking, also be dealt 
with in this section, but for convenience this has been left till later 
(page 110). Kitchen machinery, such as dish-washing machines 
and potato-peelers, should be insulated from the structure as 
described in Chapter VI, and flexible water and electricity con¬ 
nexions provided. 

. It is not possible to detail all the quiet equipment which is avail¬ 
able. The important point is to insist on quiet operation when 
specifying equipment. For the most part the manufacturer must 

be relied upon for the production 
of quiet equipment, although there 
are certain expedients, largely the 
product of the inspiration of the 
moment, available for the builder. 
One such is the insertion of an elastic 
pad of felt or rubber beneath the 
arm of water-waste preventers to 
reduce the clank due to its operation. 

2. Noise due to Water-hxmmer, 
Vibration of the water system as 
a whole gives rise to the well-known water-hammer, and also to hum 
in pipes. Water-liammer, it is perhaps unnecessary to say, consists 
of a series of metallic-sounding blows which occur on opening or 
closing taps. These blows are often very loud and are readily 
transmitted by the water system about the building. 

Water-hammer can be the result either of a sudden release or a 
sudden rise of water pressure. The former can occur, for example, 
when a flush valve fed through unduly narrow piping is suddenly 
opened. Water-hammer is, however, most frequently the result of 
a sudden pressure rise caused, for example, by quickly closing a 
tap; this can produce very high transient pressures (up to 600 lb./ 
sq. in. has been recorded). A pressure wave is formed which returns 
along the pipe and may be reflected back again at the end of the 
pipe, thus giving a series of blows of gradually decreasing loudness 
as the energy of the wave is slowly dissipated. The control of water- 
hammer is a matter of limiting the flow velocity and the suddenness 
of the cut-off. The former can be accomplished by fitting larger 
pipes and so ensuring a lower rate of flow, though this is liable to be 
expensive. A cheaper method of attack, and one which is claimed to 
be very effective, is to modify the tap design so as to shut off the 
flow gradually. A simple device which has been recommended* for 
this purpose is illustrated in Fig. 63. It consists of replacing the nut 
* Basse and LOnino: Qaa- und Wasaerjach, Vol. 79, 11th April, 1936. 
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which holds the washer in place by a cone which fits into the washer 
seating. In effect this is a step towards a streamlined tap, the merits 
of which are discussed later. The same problem arises with press 
button taps, and has been solved by introducing a control to slow 
up the action of the spring-return device. One type of tap in which 
this has been done is shown in Fig. 64; on depressing the button a 
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by-pass valve is un.seated, allowing water to escape from the cylinder 
and the main valve on the piston to become unseated. When pres¬ 
sure is taken off the button, the spring immediately closes the 
by-pass valve and forces the piston up, the rate of closing being 
governed by the percolation of w^ater to the bottom of the cylinder 
through the small gap between the piston and the cylinder: as the 
piston is a close fit in the cylinder, the main valve closes slowly. 

Failing either of these methods, water-hammer can be dealt with 
by fitting an air chamber in the supply main on the house side of 
the meter (if any). The chamber, in its simplest form, consists of a 
vertical pipe capptnl at the top leading from a tee in the main pipe. 
A pipe 6 ft. long and 1 i in. in diameter has been recommended as 
suitable for domestic use.* Owing to the gradual absorption of the 
* American Architect, p. 88, July 1936. 
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air in such chambers, cocks should be fitted at the top and the bottom 
to i)ermit of drainage. (See Fig. 65.) The air in the chamber, owing 
to its compressibility and low elasticity, acts as a shock absorber. 
The investigations of Lohmann* indicate that the “ironing-out” 
effects depend upon the volume of the air chamber. Baese and Ltin- 
ing have suggested that an air pressure chamber is better than the 
simple type described above, and is specially suitable for large 
buildings and high water pressures. A relatively large air buffer 

which fills about two-thirds of the 
chamber is kept at the average pipe 
pressure by means of a compressor. 

An associated noise is that arising from 
a loose washer or ^‘jumper.” The actual 
conditions which produce the noise do 
not appear to have been much studied, 
and the information available is rather 
the result of practical experience. A loose 
washer can in certain conditions of 
pressure, etc., generate a noise which can 
be anjrthing between a series of sharp 
taps and a loud hum. Probably the action 
is similar to that taking place in a reed 
instrument such as a clarinet, in which 
the passage of air past the reed causes it 

Am Chambk^a^Jchko to vibrate at a frequency determined by 
Supply Main to Reduce column in the instrument. The 

Water-hammer remedy for this type of noise is, of 

course, to make sure that the washers 
are firmly held and that the “jumper” is held by a set screw. 
Reducing the supply pressure may also be effective-. 

It is a matter of common observation that steam heating .system.s 
are often much noisier than hot water systems, due to “steam ham¬ 
mer” and also to the escape of steam at traps and safety valves. 
Some types of steam trap are much quieter than others, and in any 
case the system should be so designed that traps do not have to l>e 
inserted near rooms where quiet is required. 

A loud noise sometimes occurs within steam heating systems. 
Faber and Kellf state that where absence of noise is important in 
such systems, the flow in steam risers must be limited. The limit is 
set by the velocity at which globules of condensation are carried 
up with the steam. These authors have given figures for the 
approximate maximum discharges for upward risers. 

3. Noise due to Water Flow, Turbulence in the water flow is a 
common source of noise, particularly in high buildings where the 

• H. Lohmann: Qas- und Waaaerfach, Vol. 78, p. 648, 1936. 

t Oscar Faber and J. R. Kell : Heating and Air Conditioning of Buildings 
(The Architectural Press). 
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water pressure is high on account of the reservoir being at the top 
of the building. 

A fluid can flow in two ways, namely in a state of laminar flow,” 
in which layers of fluid slide smoothly past each other, or in a state 
of “turbulent flow,” in which the flow consists of irregular eddying 
motions. Other conditions being the same, turbulent flow takes 
place at higher speeds than laminar flow. 

It has been established that water noise, a familiar example of 
which is the hiss which occurs at a partly open tap, is associated with 
turbulence. The exact process by which the noise is caused is not 



Fio. 66. Turbulence in Water flowing through a Model Section 

OF A Tap 

known. It has been suggested* that the noise originates in the 
collapse of the water-vapour bubbles which are formed in the eddies. 
In support of this may be mentioned an experiment by Winterger8t,t 
who showed that the hiss could be suppressed if the formation of 
bubbles was prevented by increasing the absolute pressure on the 
water while maintaining the pressure difference constant. Of interest 
in this connexion is Fig. 66, due to Fottinger, which shows turbu¬ 
lence and bubbles produced in water flowing through a model section 
of a tap. 

Osborne Reynolds showed theoretically that the behaviour in 
smooth tubes of different widths can be correlated by the fact that 
in any tube the transition from laminar to turbulent flow should take 
place for a certain value of the quantity dir/q, where d = fluid 
density, v — average velocity, r = tube radiu«, and q ~ viscosity. 
This quantity is termed the Reynolds number. Substituting 
numerical values for the constants of water at normal tempiM'ature, 
the Reynolds number becomes 88 rr, where v is measured in centi¬ 
metres per second and r in centimetres. Thus high velocities are 
possible in small tubes without turbulence occurring. The actual 
value of the critical Reynolds number dejiends upon circumstances: 
thus, if a tube is joined to a smooth-walled vessel by a sharp edge, 
the critical value would he about 1,400; while if the outlet is 


♦ Das LArmfreie Wohnhaus (V.D.I.—Verlag, Berlin, 1934). 
t Oemnd, Ing., Vol. 54. p. 129, 1031. 
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carefully rounded, the value may rise to as high as 20,000 or more.* 
It follows that to prevent water hiss, great care should be taken to 
round off all corners. 


Turbulence does not normally occur in smooth pipes except 
possibly at joints and bends, as Kreuger and 



Sagerf showed, but rather in fittings such as 
taps, ball valves, etc. These usually contain many 
sharp edges and also constrictions. Some pro¬ 
gress has been made towards overcoming these 
difficulties, and various designs for silent taps 
suggested. Careful shaping to avoid sharp edges, 
and insertion of throttling devices just in front of 
the tap are usually the important features of the 
design. The reasons for avoiding sharp edges 
have already been explained; the value of 
throttling lies in the reduction in flow velocity, 
which it effects at the tap, thereby decreasing 
the noise. The principle of a tap designed by 
Kreuger and Sager, embodying streamlining and 
throttling is shown in Fig. 67. 

For general use MengeringhausenJ has recom- 


Fig. 67. Design 

FOR A Quiet Tap 

a = Short throttling 
tube below valve 
seating. 

b — Streamlined 
vahe 

c « Delivery tubes 
with small air 
holes. 


mended a throttle consisting of a coil of metal foil 
slipped inside the pipe leading to the tap or ball 
valve, and has published measurements which 
indicate that marked improvement can be 
obtained in this way. 

Another type of ball-valve silencer has been 
developed which simply acts as a throttle in the 


feed pipe near the valve to reduce the speed of 



Fig. 68. Ball-valve Silencer 
(Fordham Presiingi Ltd .) 


* For further information regarding turbulent flow, reference may be made 
to textbooks dealing with the subject such as The Physics of Solids and Fluids^ 
by Ewald, Pdsche, and Prandtl, published in an English translation by Blackie 
& Son Ltd. 

t Kreuger and Sager: Proc. Roy. Swedish Inst, for Eng. Res., No. 132, 
1934. 

t Zeits, Verein. Deut. Ing., Vol. 75, p. 367, 1931. 
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water through the valve itself. The expense and trouble of instal¬ 
ling a special stop-tap for this purpose is thereby avoided, and the 
device, which is shown in Fig. 68, is very simply installed. It con¬ 
sists of a screwed tapered plug threaded internally to receive a hollow 
screwed spindle. This spindle is not drilled right through, but is 
closed at one end, a slot being cut in it at right angles to the bore. 
By unscrewing the spindle from the plug 
the slot is gradually covered, thus reducing 
the aperture through which the water flows. 

The plug is forced into the open end of the 
pipe, cutting its own thread in the pipe 
material; the aperture is adjusted by trial 
until quiet operation combined with a not- 
too-slow rate of cistern All is obtained. 

To get the best out of a ‘‘quiet’* tap or, 
indeed, any tap, it should work under the 
least possible pressure consistent with a 
reasonable discharge. In a high building 
this can be achieved by arranging that taps 
on the lower floors are fed from inter¬ 
mediate cisterns rather than from the roof 
cistern; if the taps are fed directly from the 
street mains, it has been recommended* that 
they should be fed from a descending main 
rather than from a rising main, as shown in 
Fig. 69. The fall in pressure due to the 
narrow pipe then offsets to some extent the Arrangement 

increa^d pressure due to gravity making 

it possible by the selection oi suitable diam- directi.y from Street 
('ter piping to ensure that taps on all floors Mains 

work at more nearly the same pressure than (a) Taps on all floors of a high 
they would if the usual arrangement were ^me^pfessure!*"^ 

(employed. This pressure can then be regu- working at widely 

1 T .1 1 different pressures. 

lated to a suitable value by a single valve. 

4. Noise due to Falling Water. Noise arising from falling water is 
a common cause of comjdaint, and modern sanitary fittings 
are still capable of a good deal of improvement in this respect. 
The chief offenders are probably w.c. flushes and bath wastes. Some 
results obtained by Kreuger and Sager in a hotel are given in Table 
XIII, and show that the noise levels due to this equipment can be 
quite high; but the annoyance due to these noises is probably even 
greater than the measurements suggest. It will be noticed that the 
noise due to some w.c. flushes is as much as 15 phons louder than 
that due to the quietest. 

Though no corresponding measurements appear to have been 
made in England, ordinary observation indicates that w.cs. of the 
* P. Kula; La technique sanitaire ct municipalcy April, 1W37, p. 79. 
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low-flush type are usually considerably quieter than those in which 
the cistern is mounted several feet above the pan. The chief factors 
contributing to the quiet operation probably are the smaller height 
of fall of the water, the reduced mechanical noise, and the auxiliary 
siphon which prevents the loud sucking noise which would otherwise 
occur when the main cistern siphon emptied. These features are 

illustrated in Figs. 70 and 71. The 



flushing of the low-flush type of w.c. 
appears to be quite as effective as 
that of the older type, provided 
the closet is of the siphonic type. 

Flushing valves have the obvious 
advantage that the cistern noise 
is eliminated, and according to 
Kreuger and Sager’s measurements 
can be 5-10 phons quieter than 


the ordinary cistern equipment. 



Fig. 70. .Silent Siphonic-action 
W.C. Suite 
{Shanks d Co., Ltd.) 


Fig. 71. Section .Showing Action of 
Siphon of W.C. Suite Illustkated 
IN Fkj. 70 
{Shanks d Co Ltd.) 


TABLK XIII 

Noise (’aused by .Sanitary Installations 

Phons 


W.C. flush cistern, various makes flushing 60-70 

„ „ „ „ „ ... filling 36-66 

W.C. flush valve, various makes flushing 60-65 

Noise level in lobby outside lavatory when flush valves were 

used .......... 30-42 

Noise due to flliing bath in same room as noise meter. 76-80 

„ M „ „ „ in room above .... 66 

,, „ „ „ two rooms above. ... 56 

„ ,, „ ,, „ three rooms above ... 60 

„ ,, „ ,, ., in adjoining room ... 68 

,, „ M ,, hand basin in same room ... 56 

M „ „ „ hand basin in adjoining room 66 

„ „ „ w.c. outflow, one floor below lavatory . 36-40 

»f »» f» w.c. outflow, two floors below lavatory . 36-40 

>» ft ft w.c. outflow, three floors below lavatory 36-40 
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One method of preventing the transmission of noise from w.c. 
suites will be mentioned, although it is obviously more satisfactory 
to install quiet equipment wherever possible. The method consists 
of mounting the pan on rubber insulators and insulating the cistern 
support brackets and flushing pipe clips. 

As regards noise due to water flowing from taps, the old but 
effective anti-splash tap fitting should not be overlooked. This is 
so well known that no more need be said about it except to lament 
that it is usually only applied to scullery taps: bath taps can also be 
prime offenders in this connexion. It has been suggested that the 
noise from bath taps could be reduced by adopting the method used 
in low-flush w.c. cisterns, viz. filling the bath from inlets as near the 
bottom as possible. There are, however, objections to this, owing 
to danger of contamination of the supply. Incidentally, emptying 
the bath can be as noisy as filling it. Very little appears to have been 
done regarding this source of noise, however, and possibly enclosing 
the waste pipes in properly designed service ducts is the only solution. 

The filling of main water tanks in the roof often causes consider¬ 
able noise in the room below. This difficulty can be met by mounting 
the tank on suitably proportioned cork or rubber strips (see Chapter 
VI) and by filling the tank from below the water level, if permitted 
by the water supply undertaking. Alternatively, the room below 
can be planned to be a store or other unoccupied space. 

Prevention of Transmission of Sound along Water Pipes. If the 
measures described in the previous pages for quietening the equip¬ 
ment attached to the water system have failed or cannot be used, 
noise will, unless appropriate measures are taken, be conveyed along 
the water pipes to distant rooms and cause disturbance there. The 
small attenuation of sound in metals has been demonstrated experi¬ 
mentally by Meyer,* and is, indeed, almost a matter of common 
observation. 

When discussing methods of reducing such transmission, one point 
must be considered. The water column contained in water pipes is 
probably as good a conductor of sound as are the metal walls them¬ 
selves. It may be thought, therefore, that preventing transmission 
through the metal would bo pf no avail unless the water column 
were dealt with at the same time. Experimental investigationf 
indicates, however, that transmission through the water column is 
not of great importance. This is probably due to the faet that before 
sound energy travelling in the water can be heard it has first of all 
to 1x5 transmitted through the pipe wall, and marked reflection 
losses will then occur due to the change of medium. (See Chapter I.) 

In any event, however, it happens that there is a simple method 
of reducing transmission through the pipe walls which also has a 

• E. Meyer: Zeits. Verein Deut, Ing., Vol. 78, p. 957, 1934. 

t J. E. R. Constable : Proc. Phys. Soc.^ Vol. 60, p. 360, 1938; Engineering, 
Vol. 144, p. 612, 1937. 
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value for reducing transmission through the water column. The 
method in question is to replace a part of the metal pipe near the 
source of noise with a flexible pipe (usually of reinforced rubber). 
The difference between the acoustical constants of rubber and metal 
causes transmission losses (see Chapter I) which can be considerable. 
It also happens that the velocity of sound in water contained in a 
rubber tube is markedly less than that contained in a metal tube,* * * § 
and consequently transmission losses occur in the water column also. 

The insulation obtainable in this way has been investigated 
experimentally by Constable,f who tried the effect of varying the 
length of the rubber hose and also of varying the quality of the 
rubber. The results are shown graphically in Fig. 72 (a) and (b). 
It is found that— 

1. The insulation obtainable increases with the frequency of the 
sound. 

2. The insulation increases with the length of the rubber. 

3. Canvas-reinforced rubber is less effective than plain rubber. 

4. The insulation does not depend upon whether the pipe is empty 
or full of water. 

It follows that insulation against high-frequency sounds such as 
water hiss can be obtained with short lengths of rubber hose; a 
length of 4 - 6 in. fitted as near to the water tap or valve as possible 
has been found effective in practice. Canvas-reinforced hose fixed 
with hose clips appears to be satisfactory in practice. Insulation 
against low-frequency sounds, such as the hum from a circulating 
pump, requires greater lengths of flexible piping: lengths of ap¬ 
proximately 18 in. were u.sed in the heating systems of the Acoustics 
Laboratory at the National Physical Laboratory and were found 
sufficient to render a noticeable hum inaudible. The insulating 
value was found by measurement to be about 13 db.,J a figure 
which will be seen to agree with the laboratory measurements 
described above. Insulating connexions of this length are ]irobably 
most successfully constructed with moulded-on flanges which can 
be bolted to corresponding flanges on the piping. 

The life of rubber insulating connexions is unknown, but it appears 
that they will certainly last several years, even on hot-water systems. 
They should, of course, be subjected to periodical inspection, and 
for this reason shut-off cocks should be provided. 

It may be mentioned that experiments have also been made§ 

* The mathematics of this phenomenon have bc^en studied by D. J. 
Korteweo {Wied. Ann d.Phys. u.Chtin,, V. .'>25, 1878), and are complicated. 
The reason is, roughly speaking, that the flexibility of the rubber makes the 
water behave as if it were more compressible than it really is, and cons<»* 
quently the velocity of sound in the water is decreased. 

t J. E. R. Constable: Proc. Phys, Soc.^ Vol. .50, p. 360, 1938.^ ' 

X J. E. R. Constable: Engineering, Vol. 144, p. 612, 1937. 

§ For a complete account of this investigation reference should be made to 
Technical Publication No. 108 of the Lead Industries Development Council. 
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Kiu. 72. Insulation pkovided by Flexible Inserts against the 
Transmission of Sound through Water Pipes 

(а) Insulation provided by soft red rubber hose. 

(б) Insulation provided by canvas^reinforced rubber hose. 
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on the insulation provided by a flanged joint which had a rubber 
washer between the flanges and rubber bushes round the bolts. This 
construction was found to have no insulating value at low frequencies 
no measurements were made at other frequencies. 

There is also the possibility that the material of which the pipe 
is made may affect the attenuation of sound by the pipe. Com¬ 
parative measurements have been made at the National Physical 
Laboratory upon the transmission of sound along pipes of lead, 
steel, and copper, under various conditions of use, and it appears 
that sound is attenuated more rapidly in a lead pipe than in a 
copper or steel pipe under corresponding conditions, the difference 
being most marked in the case of pipes suspended freely. The 
effects are much the same for empty as for full pipes.* 

There is a further method of reducing the amount of sound con¬ 
ducted by a pipe. This relies upon dissipating the sound energy 
during its travel, and is particularly applicable to water hiss. If a 
pipe is in good contact with masonry (e.g. is cemented in a chase in 
brickwork) sound can easily pass from the one to the other. Hence 
as sound passes along the pipe it loses energy, owing to leakage 
out into the brickwork. That this effect is real has been shown by 
Kreuger and Sager. They tried the effect of burying various lengths 
of a pipe in brickwork, and found that the water hiss audible in the 
pipe could be attenuated by about 13 db. even by passing through 
a 16 in. wall, provided it was well cemented in. The insulation 
against blows was not, however, so efficient. 

If this method of attenuating water hiss is used, it should be 
remembered that its basis is that sound is conducted by the wall, 
which will therefore itself radiate sound. The wall should accord¬ 
ingly be an unimportant one and should not adjoin, for instance, 
a living-room or bedroom. 

Prevention of Radiation of Sound by Water Pipes. If the precau¬ 
tions described in the previous pages are not ix)ssible and sound is 
conducted to the pipes, steps must be taken to prevent the sound 
being heard in rooms through which the pipes pass. Sometimes the 
sound intensity in the pipe is very high, as may be realized by 
listening with an ear in contact with the pipe. The sound radiated 
by the pipe itself is then sufficiently loud to be disturbing. It may, 
however, happen that even if the noise radiated by the pipe is not 
very’^^great, the plumber by rigidly fixing the pipe to a light wall 
has provided it with an excellent sounding board, and a noise 
sufficiently loud to be disturbing may then come from the wall. 

To obviate the above troubles it is necessary to enclose the pipe 
so as to cut off the sound it generates or to insulate it from the wall 
to avoid the sounding-board effect. The former can be achieved by 
leading the pipes through service ducts or burying them in properly 

*For a complete account of this investigation reference should be made to 
Technical Publication No. 108 of the Lead Industries Development Council. 
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designed chases: if chases are used, insulating material such as felt 
or insulating blanket should be wrapped round the pipe at points 
at which it would otherwise come in contact with the build^ 
structure. When service ducts are specified, the walls which divide 
them from adjoining rooms should be reasonably sound-insulating. 




Fio. 73. Pipe in Fig. 74. Pipe Supported by 

Insulated Clip Insulated Wall Block 



Probably the equivalent of in. brickwork w^ould be suitable. 
Table XIV (page 139) may be consulted in this connexion. 

Insulation of Piping from Walls. It is a little difiicult to make 
positive recommendations as to insulating pipes from walls which 
are likely to act as sounding boards, as sufficient measurements 
have not been made to determine how the sounding-board effect 
varies with the material. It is a matter of common observation, 
however, that water hiss can lie heaixl from a 9 in. wall in which a 
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pipe is buried, and it is therefore probable that the majority of 
walls can be a nuisance in this respect. It is suggested, therefore, 
that noisy pipes should always be insulated from the wall, partic¬ 
ularly if they are fixed to the walls of service ducts which pass 
between sets of flats. 

Insulated clips and insulated wall blocks have been used for insu¬ 
lating piping from walls, the insulating medium being felt, cork, or 
rubber. Two designs are shown in Figs. 73 and 74. Measurements 
have been made* which show that insulating a water pipe from a 
brick wall by cork or felt decreases the transmission from the pipe 
to the wall by 15 db. 

It is, of course, of no use to insulate one section of the water system 
only: if the pipes are insulated, for instance, the taps should be also 
(see Fig. 75). There would be value also, as mentioned above, in 
supporting cisterns upon insulating material to avoid the trans¬ 
mission to the building structure of the noise due to filling. 

A general consideration should also be mentioned in this section, 
viz. that the frame of a steel-framed building is to be expected to 
conduct sound as easily as metal piping. It is advisable, therefore, 
to make sure that there is no immediate rigid connexion between 
the water system and the steel fi*ame. 


♦ Die Schalltechnik, 4 Jahrgaiig, p. 100, December 1931. 



CHAPTER VIII 

NOISE IN VENTILATINO AND AIR-CONDinONINO 
SYSTEMS 

The sealed building with its system of internal ventilation, whether 
by units or by a central plant, is the modern defence against extremes 
of temperature, dirt, and noise. It can happen, however, if the ven¬ 
tilating system is not carefully designed, that it can create nearly as 
much disturbance as the traffic and other noise which has been 
excluded. That noise in occupied rooms due to ventilating systems 
is not inconsiderable may be illustrated by the fact that Parkinson 
has observed noise levels due to ventilating systems of as high as 
90 phons, a representative range being 55-75 phons.* Reference to the 
table of permissible noise levels in Chapter XVI (Table XXIV) is 
illuminating in this connexion. On the other hand, in installations 
in which every effort has been made to keep the noise level 
low, e.g. in radio studios, very .satisfactory conditions have been 
achieved. 

By no means as much investigation has been made of methods 
of suppressing noise due to ventilating systems as of, for instance, 
sound-insulating walls; a good deal of useful information is avail¬ 
able, however, and it is hoped that most of this has been included 
in the pre.sent chapter. The responsibility for designing and in¬ 
stalling quiet ventilating equipment falls mainly on the manu¬ 
facturer and the heating and ventilating engineer, to whom this 
chapter is offered as a convenient summary of research results. In 
so far, however, as the architect is the final arbiter in all matters of 
equipment, a grasp of the problems with which his sub-contractor 
has to deal may enable him to select the best type of proposed 
installation, or to obtain more effective co-operation in the actual 
job. It is hoped that the data given here will be of assistance in 
this connexion, or at least will convince architects and others that 
noise in ventilating systems is nqt a problem which may be safely 
left to take care of itself. 

The necessity for some kind of restriction on noise caused by 
ventilating and air-conditioning systems has become apparent in 
the United States, where a standard has been proposed to the effect 
that “No noise resulting from the operation of an air-conditioning 
system shall exceed the loudness level of the noise in the room when 
normal activities are in progress and no part of the air-conditioning 
system is operating. The appropriate noise measurements shall be 
made in no less than ten different positions at a height of 5 ft. from 

• Parkinson: Heating, Piping, and Air Conditioning, Vol. 9, p. 183, 
March 1937. 

119 

5~(T.95) 



120 PRINCIPLES AND PRACTICE OF SOUND-INSULATION 

the floor, and no reading shall l)e taken closer than 5 ft. from any 
wall, register face, window, or ventilation equipment.” (Chicago 
Standards, October, 1936.) 

In Germany it had been recommended* that the noise made by 
ventilating systems in different buildings should not exceed the 
following levels— 

Phons 


Concert halls, theatres, cinemas (good-cla.ss) . .20 

LecUire halls, cinemas (ordinary) . . .26 

Public assembly rooms, offices .30 

Hotels (good-class) ........ 36 

Hotels (ordinary) 40 


The noise level is to be measured at a distance of 10 ft. from the 
ventilating opening, at a height above the ground of an average 
person when seated. It is considered that these standards are easily 
attainable. It has, however, been pointed out that total loudness 
measurements may not be sufficient to determine whether the noise 
made by the system is unobjectionable, as there may be some out¬ 
standing note, such as the whine of a fan, which would be annoying 
even against a high background of noise. 

There are three lines of approach towards solving tlie acoustical 
problem of an air-conditioning system, namely— 

1. To reduce the noise at its source. 

2. To prevent ampliflcation of the noise by resonance effects. 

3. To impede its transmission through the system. 

These will be dealt with in the following pages. 

REDUCTION OF NOISE AT ITS SOURCE 

Noise can be generated in an air-conditioning system by the fans, 
the driving motor, water sprays and associated pumps, refrigerator 
compressor and associated motor, and the ozonizer, if any. 

Noise Due to Fan, The question of reducing the noise due to pro- 
fieller type fans has received a good deal of attention from manufac¬ 
turers, and fans specially designed to be quiet are now on the market. 
K. D. McMahan, working in the research laboratories of the American 
General Electric Company, has shown that fan noise consists of 
unpitched noise together with a series of musical tones, due to the 
blade frequency and its overtones, which constitute the familiar 
” whine.”f The total noise emitted by a fan depends largely upon 
its peripheral speed, as is the case with aeroplane propellers. In fact, 
according to McMahan's measurements, the noise of most fans, 
measured in phons, is proportional to the common logarithm of 
the peripheral speed. This is confirmed by the measurements of 
E. Lfibcke.f As, by working with larger fans, the same air flow can 

♦ V.D.I.: Luftungmregeln, p. 3 (V.D.I.—Verlag, Berlin, 1937)! 

t O.E.C. Review, p. 82, February 1934; Journ, Acouat, Soc, Amer., p. 204, 
7th January, 1936. ^ 

X Oeaundheita -ingenieur, vol. 60, p. 677, 1937. 
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be obtained with a reduced speed, a large slow fan is preferable to 
a small high-speed fan. Some manufacturers specify fan speeds 
which should not be exceeded for reasonably quiet operation. Other 
points which require attention are the provision of ample clearance 
between the blade tips and the housing and the avoidance of 
roughness or obstructions in the interior surface. It is perhaps 
unnecessary to add that the fan should be in other respects well 
constructed. The above principles also apply to centrifugal fans, 
which are the only type suitable for use with any considerable length 
of ducting. 

Noise Due to Motor, The prevention of noise due to motors has 
already been dealt with in Chapter IV. It is sufficient here to say 
that low-speed motors are advisable. 

Noise Due to Water Sprays. The noise produced by sprays depends 
on the water speed, type and number of nozzles, etc., and no uni¬ 
versally applicable instructions for quietening these can be given. 
V’^ery little information on this jioint has been published, and prob¬ 
ably the best that can be done at this stage is to rely upon manufac¬ 
turers’ experience. It has been suggested, however, that if the water 
sprays are intended for washing the air only (frequently they are 
used for controlling its humidity), they might well be replaced by 
viscous or fabric air filters.* The pumps associated with the water 
sprays should be of good construction and low speed, and should be 
insulated from the building structure. 

Noise l>ue to Refrigerator Compressors. Probably, at least in 
smaller installations, overall efficiency of a refrigerating plant is not 
so important as quietness of operation. It is advisable to mount 
compressors on insulated foundations. 

Naise Due to Ozonizers. Ozonizers emit a high-pitched discharge 
hiss. A note of this character is comparatively easily dealt with by 
suitable sound-absorbent duct linings. 

PREVENTION OF ABIPLIFICATION OF NOISE BY 
RESONANCE EFFECTS 

An ordinary ventilating system with sheet metal ducts will have 
a number of resonance frequencies. Just as pressed-steel car body¬ 
work will “drum ” at a particular engine speed, so the metallic parts 
of a ventilating system will vibrate in response to certain fan or 
motor speeds. Similarly, the air column within the duct has also a 
series of resonance frequencies just like an organ pipe. As it is very 
doubtful whether even by trial and error adjustments the fan speed 
can be arranged so as to excite no resonance, the best procedure is, 
following the treatment adopted against “drumming” in cars, 
either to make all parts connected with the fan non-resonant or to 
insulate them from the fan, or both. Fan casings themselves cannot 
well be insulated, but probably the use of heavy-gauge material, 
* 0. W. Penney: Journ. Elect., Vol. 34, p. 313, August, 1937. 
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or laminated metal, consisting of two sheets of steel with a layer 
of felt between, would be of value. 

Sheet-metal ducts of circular section are said to be fairly free from 
drumming problems; rectangular ducts are usually stiffened to 
avoid drumming either by attaching stiffeners to the outside or by 
punching suitable stiffening grooves. As an example may be men¬ 
tioned the ducting in the Chicago N.B.C. studios,* which was stiff¬ 
ened at 4 ft. intervals with angle iron carried completely round the 
duct (see Fig. 76 (d) ), in addition to diagonal creasing of the duct 
sections. In addition to stiffening, it is sometimes recommended 
that to prevent drumming, the duct walls should be wrapped round 
with blanketing, or anti-drum material of some kind should be 
applied. While this treatment should be useful, it would probably 
be more valuable applied to the interior surfaces of the duct, since 
the sound-absorption thus introduced would reduce the resonances 
of the air column within the duct besides reducing the transmission 
of sound along the duct. (Ducts are, of course, frequently wrapped 
with blanketing of some kind to act as a tliermal insulator when 
warmed or cooled air is being conveyed about the building.) 

Mention may be made at this stage of the hum which can arise 
if the fan is directly coupled to the motor. Vibration can be trans¬ 
mitted from the motor via the shaft to the fan blades from which 
the hum is radiated. Probably the best way of avoiding or curing 
this trouble is to insulate the fan from the motor shaft by a suitable 
coupling, or to use a belt drive. 

TRANSMISSION OF NOISE 

Prevention of Transmission of Noise from Ventilating and 
Air-conditioning Equipment. In spite of careful choice of equipment 
and precautions against the amplification of noise by resonance, 
there probably will still remain noise and vibration in the fan 
room which can be transmitted by various paths to other parts 
of the building. Transmission of sound to rooms near the fan 
room can be minimized by suitable planning. Obviously, if a base¬ 
ment is available, that will be, from a noise standpoint, the best 
place for the plant, for the solid foundations and massive walls should 
afford satisfactory insulation against sound originating in the air— 
always provided care is taken to block up unused flues and shafts, 
and to provide doors and windows having adequate insulation. (See 
Chapters XI and XII.) The possibility of sound from the fan 
room being transmitted through the air intake or outlet should be 
borne in mind. These should be placed where noise emerging from 
them cannot cause disturbance. The installation of a separate 
ventilating plant for the fan room and other noisy rooms may have 
to be considered as a precaution against introducing noise into the 
main duct system. 

* V. J. Gilcher: Heating and Ventilation^ p. 19, November 1933. 




Fig. 76. Part of Air-conditioning System, showing Noise 
REDUCING Treatment 
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Clearly the first step towards reducing disturbance from the fan 
room is to reduce the noise level in the room itself. To this end 
quiet equipment should be used, and the walls and ceiling of the 
room may be lined with sound-absorbent (see Chapter V). The 



Fio. 77. Flexible Metal Connexion used in Refrigerator 
Compressor Piping 
(Chicago MeUU Ho»e Corporation) 


walls of the room should also be sound-insulating; if an existing 
room has to be used, it may be necessary to increase the insulation 
provided by the walls by using one of the treatments suggested in 
Chapter X. 

Insulation of the building structure and duct system from vibra¬ 
tions caused by the equipment is also important, even if the machin¬ 
ery is in the basement. Suitable methods of insulation are discussed 
in Chapter VI. It may be useful, however, to recall here that insu¬ 
lation requires flexible supports ^neath the machinery in question 
(see Fig. 76 (a)) and the provision of flexible connexions to ducting, 
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piping, or electrical conduit (Fig. 76 (5) ). The flexible connexions 
are necessary to avoid impairing the insulation below the machinery 
and to prevent fractures arising from the continual vibration. An 
illustration of a flexible metal connexion used on a refrigerator 
compressor is given in Fig. 77. 

Fig. 76 (c) illustrates a common method of insulating the ducting 
from the fan housing, i.e. by the insertion of a short length of canvas 
or leather near the fan. Such connexions should be fireproof, and 
should of course be airtight. The flexible insert should not be tightly 
stretched. 

Transmission of Sound through the Duct System. An un¬ 
treated sheet-metal duct such as is often used acts as a speaking- 
tube, and can convey sound to considerable distances. The subject 
of sound transmission via ducts is in its infancy. Most of the recom¬ 
mendations here given are accordingly only of a general nature 
and will be subject to revision when more information is available. 
It seems worth while, however, to collate such progress as has 
already been made and to draw at least some conclusions for 
immediate use, as it will probably be some time before the subject 
is finally thrashed out. 

There are various types of noise to be dealt with. These are— 

1. Noise entering the air stream in the duct at definite apertures, 
e.g. from the plant room or from rooms which the duct serves. 

2. Noise transmitted into the duct by vibration of the structure 
to which the duct is attached, or by reason of passage of the duct 
through a noisy room (even if there are no apertures in the duct in 
the noisy room). 

3. Wind noises due to the motion of the air through the duct, 
which may be generated throughout the length of the duct, especially 
at sharp edges and bends. 

All three can be dealt with by impeding the transmission of sound 
along the duct. General methods of achieving this are accordingly 
described first of all. Other methods of quietening the noises referred 
to in items 2 and 3, are, however, given later, and it may be that 
in some circumstances these will prove the most economical. 

Methods of Impeding the Transmission of Sound along Ducts, The two 
common methods of preventing sound transmission in a ventila¬ 
ting system are to line parts of the duct with sound-absorbent material 
and to introduce absorbent-lined baffle boxes into the system. 

Of these, the first named is probably the more widely used; the 
second can, however, be valuable, and some space has accordingly 
been devoted to this as well. A number of practical questions arise 
when sound-absorbent treatment is proposed for a ventilating sys¬ 
tem. Possibly the most important are: How much lining is required 
for a given attenuation ? What is the effect of the duct ^mensions ? 
Where is the material best placed ? What characteristics should be 
looked for in a duct lining, and what frictional losses will it cause ? 
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What is, probably, to the majority of readers, the most important 
of all considerations, i.e. cost, is not suitable for discussion in a book 
of this type. It should be pointed out, however, that against the 
cost of the treatment can be offset various savings which result from 
its use, e.g. higher air speeds are then possible, so that it may prove 
possible to use smaller ducts. 

Ptevention o! Sound Transmission by Lining Ducts with Sound- 
absorbent. There has been up to date little systematic investigation 
of the attenuation of sound by duct linings. The measurements of 
Sivian,* who has discussed the theoretical aspects of the question, 
should be mentioned. Parkinson has given an approximate theory 
of the effect of absorbent linings,t and on it has based an empirical 
formula to represent his own and other experimental data. The 
following are the factors which chiefly influence the attenuation of 
sound in ducts— 

(а) The length I of absorbent lining. (Straight lengths only are 
considered.) 

(б) The shape and size of the duct. These are included in the 
formula by what is termed a ‘'shape factor,'' deflned as the square 
root of the ratio of the perimeter of the duct p to its area A . 

(c) The sound-absorption coefficient a of the lining. 

Parkinson’s formula, which embodies these three factors, states 
that the sound-attenuation in decibels equals— 

R = - logio(l - a) 

the various lengths being in feet. 

Hale J. Sabine has published^ a slightly different formula of 
the same type, namely— 

R = 12-6 1 ^ ai " 

A 

This formula is claimed to be accurate to ^ 10 per cent for 

absorption coefficients in the range 0*20 — 0*80. 

It should be mentioned that for the purposes of these formulae 
the sound is supposed to be generated at one end of the absorbent- 
lined duct and heard at the other. For the absorption coefficient 
a the value is taken corresponding to the particular frequency 
for which the attenuation is measured. If the overall reduction for 
a sound containing several frequencies is required, probably the 
best course is to make analysis of the sound. Failing this, it may be 
taken that the lowest important frequency is that of the tips of the 
fan blades passing the casing, and that the major amount of the 
noise is usually in the frequency range 100 - 500 as pointed out 

♦ Joum, Acoust. Soc, Amer., Vol. 9, p. 135, 1937. 

t Heatingt Piping, and Air Conditioning, Vol. 9, p. 183, March 1937. 

X Joum, Acouat. Soc. Amer., Vol. 12, p. 53, 1943. 
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by A. J. King.* As the absorption coefficients of a number of 
materials are considerably lower at these frequencies than the 
average value (see Table V, Chapter V), this point should be borne 
in mind in selecting the type of absorbent. 

Effect of Length of Lining. It is generally agreed that, as is 
stated by the formulae, the sound-attenuation in decibels produced 
by an absorbent is approximately proportional to the length of duct 
so treated, though there is some evidence that the attenuation per 
foot is greater very near the source of sound. 

Effect of Shape Factor pjA. The shape factor is equal to 2/r in 
the case of a circular section duct of radius r, and to 2/6 + 2/c in the 
ease of a rectangular duct of sides 6 and c. Thus the larger the 
radius or the sides of the duct, the less is the attenuation. In the 
case of rectangular ducts, the attenuation is least in ducts of square 
section. 

The Effect of Absorptioji Coefficient. It was at one time thought 
that the attenuation R was directly proportional to the absorption 
coefficient of the lining. Both the above formulae agree, however, 
that the increase of attenuation with absorption is rather more 
rapid than this. The value of using material of high coefficient is 
at once apparent. The greater the attenuation per unit length 
obtained, the smaller the length of absorbent treatment necessary, 
with consequent saving in expense. 

Types of Material us^ for l^und-absorbent Lining in Ducts. Only 
certain sound-absorbent materials are suitable for duct lining. 
Among the properties which an absorbent should possess, in addition 
to an absorption coefficient which is high at low frequencies, may 
be included a low surface coefficient of friction, high resistance to 
moisture absorption, and fire and vermin resistance. Incidentally, 
most sound-absorbents are also heat insulators, a distinct advantage 
in a material designed to line ducts carrying warmed or refrigerated 
air about a building. Among materials in common use may be 
mentioned fibreboard, asbestos, mineral wool, glass silk, and balsa 
wool, the loose-fibre materials being usually covered with perforated 
metal sheeting. 

The panel-t 3 rpe absorbent which has already been described in 
Chapter V probably has a future in ventilating-duct lining. It may 
be recalled that essentially this consists of a number of flat, thin 
air cells containing absorbent, the front being a sheet of sound- 
transmitting material such as thin sheet metal or oilcloth, the back 
being the rigid wall to which the absorbent structure is applied. 
If the depth of the cells is proi)erly related to the stiffness of the 
covering material, the cell acts as a resonating system with a very 
wide response, absorption coefficients of the order of 0-5 being 
obtainable over a selected frequency range. This range could if, 
necessary, be widened by using cells of different depths. This type 
* Engineering^ June, 30th, 1944. 
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of absorbent has two merits from the ventilating engineer’s point 
of view: it can be adjusted to absorb low frequencies, which are a 
nuisance in ventilating systems, since ordinary porous-type absorb¬ 
ents are liable to be less effective at these frequencies, and it also 
has a smooth impervious surface. 

The choice of a sound-absorbent for a particular system will 
depend on the individual case. Acoustically, the criterion for a duct 
lining is the absorption coeflScient when it is attached to the duct 
wall in the manner in which it will be used in the duct. It will be 
recalled in this connexion that some wallboards absorb less when 
they are attached to a rigid backing than when they are attached 
to battens. 

Suitable Positions for Absorbent Treatment. If expense were no 
object and quiet imperative, one would advise that all the ducts 
should be lined with sound-absorbent material. Some discrimination 
as to the ducts to be lined is, however, usually necessary. Probably 
the positions in which treatment is most necessary are— 

1. The short ducts leading from supply ducts to rooms (to prevent 
cross-talk between rooms supplied by the same trunk and to reduce 
wind noise). 

2. The main duct leading from the fan (to reduce fan and equip¬ 
ment noise). 

3. In ducts which ventilate noisy rooms, e.g. kitchens. 

As great a length of duct should be treated as is practicable. II 
insufficient attenuation is obtainable from treatment in the above 
positions, the treated sections should be subdivided by absorbent 
covered splitters. 

As regards the treatment of ducting in general, there is evidence 
that absorbent is most effective when used on bends.* Bends should 
not, however, be introduced for the sake of the increased attenuation 
thus obtained, since they may add to the wind noise as well as to 
the power required. Measurements indicate that the extra insula¬ 
tion afforded by a bend may on this account be nullified. 

Perhaps this is a suitable stage for disposing of a fallacy, viz. that 
it is unnecessary to line ducts if the sound is travelling, as sometimes 
occurs, against the air stream. The air speeds used are so much less 
than the velocity of sound (1,100 ft./sec.) that sound travels as 
easily against the stream as with it. This has Ijeen confirmed by 
experiments of Sivian,t who showed that the attenuation in a lined 
duct was unaltered by air speeds of up to 2,000 ft./min. 

Insolation between Two Rooms Connected by Ducting. The 

following is an approximate method of calculating the treatment 
of the ventilating system required to attain a specified sound- 
insulation between two rooms— 

* Kreuoeb AND Saoar: Proc, Roy, Swedish Inst, for Eng. Aes. No. 132, 
1934. Author's translation {Building, July 1937). 

t Joum. Acoust. Soc. Amer., Vol. 9, p. 135, 1937. 
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I-iet the rooms 1 and 2 be connected by a duct of cross-sectional 
area E. Suppose there is a source of sound in room 1 and that the 
total absorption (see Chapter V) in room 2 is Then once a 
steady noise level is built up, the amount of sound energy entering 
room 2 will equal the amount of energy leaving it plus the amount 
absorbed in it. 

Using a method of calculation explained in Chapter XV, and 
assuming there are no energy losses in the duct (supposed untreated) 
and that the energy density (or, loosely speaking, the sound inten¬ 
sity) in rooms 1 and 2 is and /g respectively— 

= 1 + AjE 

As an example, we may take average rooms with a total absorp¬ 
tion of 100 sabins, the duct area being J sq. ft. The ratio of 
intensities would then be approximately 400, i.e. the sound-insula¬ 
tion between the rooms would be 26 db., which is low. If conversa¬ 
tion in the one room is not to cause a nuisance in the second room, 
an insulation of 50-55 db. would be advisable. Accordingly sufficient 
acoustical treatment of the duct would be required to give an addi¬ 
tional attenuation of 24-30 db. A suitable lining for the length 
available for treatment could be determined by reference to the 
data given above. 

The above method of calculation is rough, as various factors have 
been neglected. As a matter of fact, it tends to overestimate the 
treatment required, and on this account the calculated requirement 
may possibly be reduced by 5 db. 

Power Loises Due to Absorbent Linings in Duct. As might be 
expected, absorbent linings, unless specially treated (see later), 
increase the resistance to air flow along a duct. There are, how¬ 
ever, very few data to show the extent of this resistance. Parkinson* 
mentions that a certain absorbent increased the air resistance by 
19 per cent. Other figures are given by Larson and Norris,t who 
found that the resistance in their 30ift. long experimental duct 
was practically abolished by covering the duct lining with thin 
perforated metal sheeting. This treatment has been developed as 
a commercial article, the covered lining being as efftcient a sound- 
absorber as the uncovered material, though it is necessarily more 
expensive. The expense of the perforated metal can, however, be 
offset against the cost of the power saved. A perforated metal 
covering has the additional advantage of minimizing the detach¬ 
ment of loose particles of absorbent material into the air stream. 

Apart from frictional losses at the surface of the absorbent, linings 
increase power losses owing to the reduction of the effective duct 
area, a factor which may be considerable in small ducts. If it is 

* Heating, Piping, and Air Conditioning, Vol. 9, p. 183, Man^h 1937. 

t Ibid,, Vol. 3, p. 59, January 1931. 
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not possible to compensate for this by installing larger ducts, 
increased power must be allowed to maintain the same air flow. 

Duct IHbterial. The choice of the material of the duct walls 
themselves is important from the acoustical point of view. The 
usual alternatives appear to be brick or concrete, depending on the 
construction of the building as a whole, or sheet metal. The latter 
has several obvious advantages: cheapness, ease of installation in 
existing buildings, a certain saving of space, and so on. Against 
these must be offset distinct acoustical disadvantages such as its 
tendency to drum and its low sound-insulating properties. When 
planning a new building, if economy is not an overriding considera¬ 
tion, there is a great deal to be said for the use of brick or other 
massive material for the ducts—at least for the main ducts. In a 
large building in which service shafts and galleries are required for 
other purposes, economy of space may be effected by using these 
as trunks for the ventilating supply network. This was actually 
done in the Bank of England building, where a brick 8 ft. by 8 ft. 
ser\ice tunnel in the basement communicates the main fresh air 
supply to risers which go to all parts of the building. 

Brick, incidentally, has the advantage of a somewhat higher 
absorption coefficient than ordinary concrete or sheet metal. 

Acoustic Filters. If low-frequency noise is particularly trouble¬ 
some and sufficient sound-absorbent treatment is for some reason 
not practicable, a device may be tried based upon the fact men¬ 
tioned in Chapter I that transmission losses occur when a conduit 
or duct changes its area. The device consists of replacing a length / 
of the duct by a length having considerably greater cross-sectional 
area. Calculation shows that a band of frequencies ranging about 
a value / are then attenuated, where / — 280//, I being measured in 
feet. The attenuation depends on the width of the inserted section, 
values of 15 db. being quoted for an increase in width by a factor 
of 10. Greater attenuation over a wider frequency range can be 
obtained by using two consecutive inserts of this kind, of different 
length. Such a device is known as a high-pass acoustic filter, and 
is fully dealt with in textbooks on acoustics.* It can, of course, 
only be used in ventilating systems if there is sufficient space avail¬ 
able, and care would have to be taken to see that the enlarged 
section is well braced, and also lined with anti-drum material, to 
prevent vibration. A necessary fcatui’e of the construction also 
seems to be that the changes of area should bo sudden, 

BaflSe Boxes. Baffle boxes api^ar to have received little atten¬ 
tion, either as regards their properties or as regards their prac¬ 
tical application. The baffle box contains, as its name implies, 
one or more sound-absorbent-covered baffles, which are.placed so 
that the air stream is tortuous, the sound in this way suffering a 
number of reflections at absorbent surfaces. Some care is needed 
♦ Stewart AND Lindsay; Acovstics, (Van Nostrand Co., 1930). 
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in the design to ensure that excessive power losses are not intro¬ 
duced. The use of such boxes concentrates the acoustical treatment 
in a comparatively small space, a system which has some practical 
advantages over the lined-duct system. 

Lindner* carried out considerable work on this subject, giving 
a theory for the action of baffle boxes. Measurements upon a 
number of different types gave results which agreed fairly well 
with the calculated values. The attenuation of the boxes ranged 
from 10 to 24 db. The most successful construction is illustrated 
in Fig. 70 (e) and afforded an attenuation of 24 db. It will be noted 
that the obstruction to the air stream is low. Lindner recommends 



FlU. 78, B4FFLK Box CONSISTING OF AbsORBENT-LINKI> BoX BUILT 
t»VKK Room Outlkt 

a length of flexible connexion inserted in the duct immediately 
following the baffle box. 

A rather more complicated type of baffle installed in the A.V.R.O. 
studios in Hilversum has been described by Zwickker and Costen.t 
and is shown in Fig. 70 (/). The absorbing material was “Insul- 
wood” (which has an average coefficient about 0-25), and the meas¬ 
ured attenuation of the baffle in the range 500-2,500 c.p.s. varied 
from 33 to 42 db. 

Before leaving this section, mention should be made of a somewhat 
different type of baffle box which is valuable for soundproofing 
existing ventilating systems, but whicli can also form a part of a 
new installation. This consists simply of an absorbent-lined box 
built over the grille and arranged as shown in Fig. 78. The sound 
suffers at least one reflection at an absorlient surface before entering 
the room. If more attenuation is required, one or more lined baffle 
boards can be built into the box. 

Noise Entering a Duct through its Walls. As well as entering 

♦ Zeita.fur Tecfin. Phyeik, No. 6, p. 290, 1932. 
t Revue d'acouatique, Jaiiimry-March 1935, p. 1. 
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through apertures, sound can enter a duct either by reason of the 
duct being in direct contact with a vibrating surface or by trans¬ 
mission of sound through the duct walls as may occur, for instance, 
if the duct passes through a very noisy room, even though there 
are no actual openings from the duct into that particular room. 

As regards the first, it is a worth-while precaution to suspend 
the duct by insulated hangers (Fig. 76 (j)) from any wall or ceiling 
which can be heard or felt to be in a state of vibration. As regards 
noise entering a duct by transmission through the duct walls, this 
will almost certainly occur at least once in the course of every supply 
trunk, viz. where it passes through the equipment room on its way 
out. The logical treatment in this and similar cases is to increase the 
sound-insulation of the walls of the duct. This is most simply done 
by increasing the weight, e.g. by using heavy-gauge metal, or by 
constructing a wooden covering. Alternatively, the duct walls may 
be made composite by covering with building board on battens. 
Wrapping the duct round with material such as rock wool or hair 
felt is frequently done, but no figures are available as to the efficacy 
of this treatment. Probably a great deal of its usefulness arises 
from the damping of the resonances of the duct walls which it 
causes. The treatment which is most certain to be effective is to 
brick in the duct, first wrapping it round with a building blanket, 
which will serve the double purpose of insulating the duct from 
structure-borne vibration and of damping its resonances. 

Wind Noises, (a) Wind Noise Arising in Ducts. So far, this 
chapter has been concerned with sound entering a duct from with¬ 
out. Noise due to the passage of air along the duct is different in 
that it is generated continuously along the length of the duct, as 
was shown, for example, by Parkinson.* 

Prevention of disturbance due to wind noise can be achieved by 
measures dealt with earlier, designed to reduce the sound emerging 
from the ventilation outlets, oi preferably by reducing the occurrence 
of wind noise. There is no doubt that high air speeds lead to high 
wind noise levels, accompanied in some cases by vibration of the 
duct. In this connexion measurements have l>een made which 
indicate that the noise level produced in unlined sheet-metal ducts 
of average construction arising from the combined fan and wind 
noise, increases by about 1 phon per 100 ft. per min. increase in 
air speed. This figure applies to speeds greater than 1,000 ft./min.; 
the rate of increase of noise is rather more rapid for lower speeds. 
If there are obstructions such as valves and grilles, these figures may 
be exceeded. It is extremely difficult to recommend maximum air 
speeds for silent operation, as authorities differ so widely. Air 
speeds in the Unit^ States appear in general to be considerably 
greater than on this side of the Atlantic. In the United States the 

♦ J. 8 . Parkinson: Heating, Piping, and Air Conditioniny, Vol. 9, p. 183, 
March 1937. 
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following air speeds are considered standard for public buildings— 


Through the outside air intakes 

Through connexions to and from heating unit 

Through main discharge duct. 

In branch ducts ..... 

In vertical flues ..... 

In registers or grilles .... 


ft./min. 
1,000 

1 , 000 - 1,200 
1,200-1,600 
600-1,000 
400 - 800 
200- 400 



Kio. 79. Rel-4TIon between Noise Level and Air Speed in Ducts 
WITH AND Without Absokbknt Lining 


These velocities may be inei'eased by 20 per cent if first-class 
duct construction is used to prevent any buckling, or vibration; 
for industrial buildings, where noise is seldom considered, main- 
duct velocities as high as 3,000 ft./min. may be used; for department 
stores and similar buildings, maximum velocities may, with good 
construction and design, be as high as 2,000 ft./min. 

Certain details of design need attention; an obvious precaution 
is to avoid anything which can cause eddies in the wind stream, 
e.g. sharp edges and roughnesses on the interior of the ducts. Any 
pipes or other obstructions passing through the air stream should 
be streamlined by means of a suitable “easement” placed round 
the pipe. Also proper streamlining of elbows is usually stated to 
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be necessary, and for this purpose splitters are often inserted to 
distribute the air more uniformly over the duct section. In this 
connexion, methods of controlling air speeds which rely upon a 
sudden constriction are likely to cause noise. The curves in Fig. 79, 
which are due to Larson and Norris, show the relation between noise 
level and air speed in lined and unlined ducts. Comparing curves 
1 and 2, it will be noticed that the air speed can as a rule be doubled 



Face Velocity. Ft/min. 

Fio. 80 . Noisk Caused by Different Types of (Grilles, /I, B, 
AND C\ AT Various Air Speed.s 

Data applicable to rooiiiH containing 100 units of absorption, c.g. the a\rrage living-room. 


without increasing the noise level provided the duct is lined with 
absorbent. (The absorbent used in these experiments was wood- 
fibre blanket covered with perforated rnetal.) It may thus sonu.*- 
times be economically worth while to increase the air speed, keeping 
the noise level at the same or even a lower level by introducing 
absorbent material. 

(6) Wind Noise Arising at Ventilation Outlets. It is the custom to 
furnish the ventilation outlet with a grille, more or less ornamental. 
These can cause considerable noise unless attention is paid to their 
design. One function of a grille is, of course, to direct the air stream, 
being designed to give either a wide spread or a “long throw” 
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according to requirements. Return or exhaust openings are un¬ 
likely to be noisy, since these are usually plain apertures and as a 
rule take only low air speeds. Air-regulating valves in the inlets 
can also produce wind noises. 

The variations in the amount of noise caused by different types of 
grille are shown in Fig. 80, due to Gleiger. 

The above remarks are inserted only for the purpose of drawing 
attention to the need for consideration of this point. Grille designs 
are so numerous that it would not be possible to give any recom¬ 
mendations regarding the type to use. 
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Unit Ventilating and Air-conditioning Equipment. A wide range 
of installations is now available for dealing with the air of a single 
room only. They range from the humble extractor fan which re¬ 
moves the kitchen smells, to the comprehensive air-conditioning 
cabinet which graces the stockbroker’s office. There is probably a 
future for self-contained unit air-conditioning equipment owing 
to the considerable structural alterations involved in providing 
existing buildings with a central plant and duct system. Quiet opera¬ 
tion is essential, since the equipment itself is in the room. In the case 
of rooms which overlook noisy streets, the equipment should also 
prevent the ingress of street noise. A stage intermediate between 
the provision of unit conditioning equipment for each room and 
installing a central system consists of a separate conditioning plant 
for each group of rooms or flat. A few short lengths of small ducting 
supply the different rooms. Although the initial cost of plant may 
be higher, there are various advantages to offset against this. 
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including the acoustical advantage that noise cannot be conducted 
from flat to flat as is possible when a central system is used. 

Unit ventilators which draw air in from the street, Alter it, and 
blow it into the room can be quiet in operation provided the fan 
and motor are silent and properly mounted, and that acoustical 
baffles are provided to prevent transmission of street noises. An 
example is shown in Fig. 81. 



CHAPTER IX 


THE TRANSMISSION OF SOUND THROUGH WALLS 
PART I—SOLID PARTITIONS 

Scientific study of the transmission of sound through walls has 
been practically confined to the last quarter of a century, though 
from 1900 onwards investigators were topng with the subject and 
studying such matters as the transmission of sound through porous 
fabrics.* The subject is thus considerably younger than the related 
subject of auditorium acoustics, which Sabine began to study in 
1895. 

Probably the first to make reliable measurements of the sound 
transmission through walls was R. Berger in Munich, and the general 
results which he obtained are accepted at the present day.f He was 
closely followed by other investigators, including W. C. Sabine, 
and the subject rapidly assumed sufficient importance for national 
laboratories in various countries to erect test chambers for its 
study and to issue reports upon the sound-transmission of building 
constructions submitted to them for examination. A great deal 
of information is now available, and the principles which should 
be followed in designing a sound-insulating wall are now clear; 
difficulties are, however, liable to arise in putting these principles 
into practice, 

Sound energy falling upon a wall pursues several paths, which are 
illustrated in Fig. 82. A great deal of it is usually reflected (90-99 
per cent) unless the wall is faced with a specially absorbing material. 
It may be asked why, if most of the sound falling on a wall is re¬ 
flected, the transmitted sound should be of importance. The answer 
lies in the great range of sensitivity of the ear. (See Chapter I.) The 
remainder of the sound is either absorbed at the surface or in the 
material, being converted into minute amounts of heat, or is trans¬ 
mitted. This transmission may be (a) by direct transmission through 
the pores of the wall if it is of pbrous material, (6) to the other side 
by re-radiation due to the wall vibration, (c) to other rooms by 
travelling as structure-borne sound along the length of the wall. 
The relative importance of the different paths depends upon circum¬ 
stances : (c) is discussed in Chapter XIV, and its effect is ignored 
in the present chapter. 

The sound-redtictton factor of the wall is defined as the ratio of the 
sound energy falling upon a wall to the amount transmitted to the 

* F. L. Tufts: Amer. Journ. JSci^nce, Vol. 11, p. 357, 1901; Sikvkkino 
AND Bbhm: Ann, d. Phyaik, Vol, 15, p. 808, 1904; R. Ottknstein: E.T.Z., 
Vol. 38. p. 410, 1917. 

t K. Bbrgkr: Disaertation, Munich, 1911. 
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other side of the wall. This figure can be anything between a small 
number (for a sheet of paper) and a hundred or so millions (for a 
brick wall). These figures are inconveniently large, and sound- 
reduction factors are accordingly usually expressed in decibels. 
(See Chapter I.) 

In the laboratory, measurements of the sound-insulation provided 
by a wall are usually made by building it into an aperture which 
connects two otherwise soundproof rooms and determining the 
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Fia. 82. Path.s Tkavkkskd by Sorsu Falling Upon a Wall 

sound-intensity in one room when a loudspeaker is sounded in the 
other. In this way the wall is tested as an isolated unit, and the 
results are not complicated by other factors such as the transmission 
of sound through the building structure mentioned in (c) above. 
The relation between the insulation determined in the laboratory and 
the insulation obtainable in practice is discussed in Chapter XV. 

The question of whether laboratory tests, which are usually made 
upon freshly built partitions, apply to partitions which have been 
erected for some time has been studied in various laboratories.* It 
appears that the insulation of masonry partitions may decrease a 
little during the first week or so, but that afterwards the insulation 
remains constant. 

Soiind-insiilation of Solid Non-porous Partitions. Solid non-porous 
partitions (or, as they are often termed in scientific papers, single 
homogeneous non-porous partitions) fall into a special class acous¬ 
tically, since the two faces of the,partition, being rigidly‘connected, 

* C. Feck: UiaHertation, Briiiiawick, 1930; V. L. Chrisler: Scientific 
Papers of the Bureau of Standards, Vol. 11, p. 231, 1927. 
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move together. The properties of this type of partition are discussed 
in this chapter, those of complex partitions being dealt with in the 
following chapter. 

In Table XIV are collected a number of measurements made at 
the National Physical Laboratory* upon solid partitions ranging 
in weight from about J Ib./sq. ft. to 95 Ib./sq. ft. It will be observed 
that the insulation is tabulated for six frequency ranges, namely 
100 and 150; 200 and 300; 500, 700, 1,000; 1,600 and 2,000; 
3,000 and 4,000 c.p.s., and finally the average for the frequency 
range 200-2,000 c.p.s. The average for this frequency range is 
useful for roughly comparing partitions. The figures for the separate 
ranges are of importance when selecting a partition to exclude a 
given type of noise. The significance of the figures in brackets is 
referred to below. 

The Mass Relation. All laboratories agree that the sound-insulation 
{irovided by single solid non-porous partitions against airborne sound 
of a given frequency depends almost entirely upon their weight per 
square foot. This general result is known as the “mass relation.’* 
This does not mean, however, that walls of equal weight are 
acoustically similar in other respects. For example, a 1-in. sheet of 
iron and a 4i-in. brick wall have approximately the same airborne 
sound insulation. They would probably differ considerably in 
behaviour as regards impact sound. In Fig. 83 are shown curves 
based upon National Physical Laboratory measurements which show 
how well the mass relation is obeyed for partitions ranging in weight 
from J Ib./sq. ft. to 100 Ib./sq. ft. Fig. 83 (a)-(e), and Fig. 84, were 
obtained by averaging results for the same frequencies as in Table 
XIV. The curves represent the sound-insulation which the average 
single solid partition of a given weight may be expected to have 
when tested under the above-described conditions of measurement. 
The curves' are also very useful in assessing the effectiveness of any 
partitions other than single partitions, for a complex type of parti¬ 
tion is of special value for sound-insulation only in so far as it has an 
insulation appreciably greater than that of the average single 
partition of the same weight. For this reason the figures in Table 
XIV for the insulation of partitions are in each case followed by a 
figure (in brackets) for the insulation which the average single solid 
non-porous partition of the same weight would be expected to have. 

As shown by the “scatter” of the jioints through which the curves 
are drawn, the mass relation cannot be dignified by the term of 
“mass law.” Partitions may be expected to show divergencies of 
average insulation of up to 2 or 3 db. from that shown in Fig, 84. 
Differences of this amount have, however, little practical significance. 

It is unfortunate that different methods of test give slightly 
different figures for the insulation of apparently identical partitions; 

* G. H. Aston: The Sound InsuUaion of Partitions, (Department of 
Scientific and Industrial Research, 1948.) 
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the results are of course self-consistent, that is to say that generally 
each testing station puts partitions in the same order of effectiveness, 
but the mass curves based on each testing station’s measurements 
vary slightly from each other, by about 2 or 3 db. 

It will have been noted that the insulation'pf a partition depends 
upon the frequency of the sound. As a rough rule it may be taken 



Fio. 85. Vakiation of Sound-insulation or Solid Pabtitions 
WITH Frequency for Partitions of Three Different Weights 


that the insulation increases by about 5 db. each time the frequency 
is doubled (that is, for each octave rise in pitch). Fig. 85 shows 
the increase of insulation with frequency for three partitions (the 
figures being taken from Table XIV). The increase is slightly 
more than 5 db. for light partitions and less for heavy partitions. 
At any frequency, doubling the weight of a partition increases the 
insulation by about 5 db., as may be seen from Fig. 83 (a)~(e). 

The mass relation clearly demands an explanation. This is not the 
place to discuss in detail the theories which have been put forward; 
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those interested may refer to the original papers.* The simplest 
explanation of the result is that usually, so far as sound-transmission 
is concerned, a wall may be regarded as having no stiffness. It 
reduces, then, to a solid plate which is free to move to and fro under 
the action of the alternating pressures in the sound wave which 
falls on it. (Lest it be thought that these pressures are too small to 
affect a wall, it may be remarked that the acoustical forces on a 
wall of a room in which a radio set is in operation may easily reach a 
total of several pounds.) Sound is re-radiated by both sides of the 
wall, just as it would be from a loudspeaker diaphragm. That radi¬ 
ated on one side is a part of the reflected sound; that on the other 
is the transmitted sound. The higher the frequency of the sound, the 
less will be the motion of the wall, as the reader may easily demon¬ 
strate for himself by trying to move a weight held in the hand first 
slowly then quickly. Clearly, also, the heavier the wall, the more 
difficult it will be to set into vibration. Also changing the material 
(say firom wood to brick) would not be expected to affect the ampli¬ 
tude of vibration, provided the weight is the same. 

The mass relation can thus be quite easily explained in a general 
way. There are, however, difficulties in giving an exact explanation: 
for example, calculations based upon the above simple assumptions 
require the insulation to increase 6 db. per octave rise in pitch, 
whereas the experimentally determined change is 5 db. The com¬ 
monly accepted explanation of this difference is that a wall does not 
behave exactly as the solid plate assumed in the above explanation, 
since it has a number of resonances having frequencies ranging from 
a few cycles to thousands of cycles per second. At each of these 
resonances sound is transmitted very freely. (See Chapter I.) The 
combined effect of these resonances will clearly be to reduce the 
sound-insulation of the wall. The resonances are very numerous: 
in the case of a glass window, which has been studied at the National 
Physical Laboratory,t 95 well-marked resonances were observed 
between the fundamental frequency of 17 c.p.s. and the limit of the 
measurements at 3,000 c.p.s. 

Their effect may be seen in another way. Those who are familiar 
with the Chladni sand figures, f #ill know that with each of the large 
number of resonances possessed by a metal plate is associated a 
definite vibration pattern ; these patterns consist of lines called 
nodal lines, along which the plate is stationary, separated by areas 

* R. Rkruer: Diasertation, Munich, 1911; P. E. Sabine: Jonrn. Acouat. 
Soc. Am-er., Vol. 4, p. 38, 1932; A. H. Davis ; Philosophical Magazine^ Vol. 15, 
p. 309, 1933; A. ScHOCH: Akustische Zeits.^ Vol. .3, p. 113, 1937. 

Berger treated the wall as having no flexural resonances; Sabine and 
Davis allowed for a single resonance; Schoch allowed for the full range of 
resonances to be expect^. 

t J. E. R. Constable : Proc. Phys, Soc,, Vol. 48, p. 914, 1936. 

t See, for example, J. Tyndall: Sound, p. 172, 1876, or A. T. Jones: 
Sound, p. 174, 1937. 
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which are in a state of vibration. These patterns can be made visible 
by sprinkling sand upon the vibrating plates, the sand being driven 
by the vibration to the nodal lines, along which it can lie at rest 
(see Fig. 14). 

By using a different technique it can be shown that walls behave 
in a similar way. Fig. 86 shows the results of measurement made 
at the National Physical Laboratory* of the vibration of a 9 in. brick 
wall. The areas of greatest vibration are shown in black and the areas 
of least vibration in white. The patterns have not the symmetry of 
Chladni’s sand figures, but show the analogy. As in the case of 
Chladni*s figures, the complexity of the pattern increases with the 
frequency. 

A point of practical interest which is suggested by these figures 
is that since walls can flex in this way, we must not expect to increase 
the insulation of a wall merely by loading it at a series of points or 
stiffening it along a few lines ; for the vibration of the w all woiild be 
expected to be reduced only at or near those points, the remainder 
of the partition vibrating as before. A practical example is a stud 
partition faced on one side only with building-board (see partitions 
Nos. 1-5, Table XVI, page 165), which is no more insulating than 
building-board by itself. The experiment has also been tried of 
loading a sheet of plywood at a series of points,f and in this way 
increasing its weight from about i Ib./sq. ft. up to 2h Ib./sq. ft. 
The sound-insulation was unaffected by the loading while it was 
distributed at a number of points (from 1 up to 25 weights were used) 
but an increase of weight obtained by a continuous loading (sand 
or water was used for the experiments) does give the increase in 
sound-insulation which would be expected from the mass relation. 

Another point of practical interest concerns highly resonant 
partitions such as metal partitions, which possess very little internal 
damping, e8X)ecially if supported on metal surrounds rather than 
wooden surrounds. There is some evidence that the insulation may 
be increased by applying some kind of anti-drum treatment such 
as sprayed fibrous material. J Increases in insulation of 3 db. at high 
frequencies and rather larger increases at frequencies near the funda¬ 
mental resonance frequency of the partition are reported. This 
result is, of course, of particular interest in connexion with vehicle 
bodies. 

Deviations from the Hass Relation. It occasionally happens, as 
mentioned above, that the insulation of a specimen wall deviates 
by one or two decibels from the insulation which would have been 
predicted for it from the curve in Fig. 84. These deviations do not 
usually have any practical significance, and are usually attributed to 

* J. E. R. Constable and G. H. Aston; Proc, Phya, Soc., Vol. 48, p. 919, 
1936. 

t Handbuch der techniacke Phyaik, Vol. 17, part 3, p. 33, 1934. 

J P. Baron and L. Renault: Travaux, June 1938. 
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the effect of resonances. As has been explained earlier, the insulation 
of a resonant partition is somewhat less than that of the idealized 
non-resonant partition. If, when a partition is tested, an average 
number of its resonance frequencies coincide with test frequencies, 
its insulation would be expected to lie on the experimental mass- 
relation curve. If fewer than usual coincide, the insulation would be 
high; if more than usual coincide, it would be low. Partition reson¬ 
ances are fairly sensitive to the details of construction, and it is often 
found that two partitions ostensibly of the same construction have 
slightly different insulation. Probably the only way to establish 
that a building material has special properties which make the insu¬ 
lation of a wall built from it greater than that of an average solid 
partition of the same weight would be to test a dozen or so specimen 
walls made of the material in question. 

Effect of Porosity. The above-described mass relation holds only 
if the partitions are not porous. Pores (such as occur, for example, 
in an unplastered breeze wall) can transmit sound to an appreciable 
extent.* See also Table XIV, Nos. 11 and 13. 

Experimental studies have been made of the transmission through 
small holes (somewhat larger than pores) by Wintergerst and Knecht. 
An account of their experiments appears in Chapter XI. 

Effect of Hair Cracks. Solid walls can lose insulation if hair cracks 
develop in them, owing to shrinkage, vibration, or settlement. 
Liibckt^ has investigated this point and shown that the insula¬ 
tion of a 2.J in. wall having a 10 in. long hair crack was 6 db. lower 
than it should have been. The insulation of another wall, 5 in. thick 
but with many fine cracks in it, was 10 db. low. Similarly, a single 
fine crack in a 4^ in. brick wall reduced its insulation by 5 db. It is 
evident that such cracks must be avoided if good sound-insulation 
is desired. 

Partitions which contain joints in their construction such as square 
edged or tongued and grooved boards have been shown to be 
markedly less insulating than an equally heavy jointless partition. 
Sealing the joints by fixing a non-porous layer on the boards, e.g. 
linoleum, has been tried with some success, but it is better to 
use a jointless partition. 

Another way in which cracks likely to impair the sound-insulation 
can occur in partitions is round pipes passing through the partition. 
Cracks are particularly likely to occur round hot-water pipes, which 
are constantly expanding and contracting. One method of over¬ 
coming this is to build into the partition a sleeve through which 
the pipe can pass with ample clearance; this gap is then caulked 

* Hayleiqh: Philosophical Magazine, Vol. 16, p. 181, 1883; R. Berger: 
Dissertation, Munich, 1911; E. Wintergerst and W. Knecht: Zeits. d. Ver, 
Deutsche Ing., Vol. 76, p. 777, 1932; L. J. Sivian : Joum, Acoust. Soc. Atner,, 
Vol. 7, p. 96, 1936; A. Gigli and Q. Saoerdote: Alta Frequenza, Vols. 4-6, 
p. 229, 1936; M. Hettinger: Journ, Acoust, Soc, Amer., Vol. 8, p. 172, 1937. 
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with tow or asbestos. It is essential that the clearance should be 
sufficient to allow the whole space to be filled with the caulking 
material, for if it is only applied on the surface it will soon work out 
as the pipe expands and contracts. 

Movable Pactions. The question of avoiding small apertures in 
the construction of a partition also arises in connexion with movable 
partitions. These are required when it is necessary to be able easily 
to throw two rooms into one, etc., but considerable difficulties arise 
if these partitions, when in place, are to afford a reasonable degree 
of sound-insulation. Sliding partitions, for example, usually have 
to be made in a number of sections to permit of storage; the gaps 
between these sections, added to the almost inevitable gaps beneath 
the partition, render abortive any special sound-insulating construc¬ 
tion of the partitions themselves. In cases of this kind, if other 
circumstances permit, the balanced door described in Chapter XII 
may be useful. This door can be made in single spans of up to 120 ft., 
and its action is such that a tight closure against a rebate could 
probably be arranged for. The transmission through gaps would 
probably then not be serious, and an insulation more nearly corre¬ 
sponding to the weight per square foot of the door could be obtained. 

Effect of Character of Wall Surface. It is often stated that the 
character of the wall surface affects the insulation obtainable. Ex¬ 
cept for the fact that the porosity is affected ]>y plastering (and also 
the weight per square foot), there does not seem to be any foundation 
for this statement. There does not, therefore, seem to be any point 
in providing a reflecting surface on the noisy side of the wall as is 
sometimes recommended or, on the otlier hand, in the application of 
a layer of sound-absorbent material to one or both faces of a wall. 
There appears to be no evidence in support of the latter, and it is 
probable that any effect is due to the increase in total absorption 
in the room (see page 224). 

Practical Importance of the Mass Relation. The mass relation 
shows that if solid partitions are to be used an appreciable increase 
in the sound-insulation can be obtained only by increasing the 
weight considerably, and, in the case of heavy partitions, prohibi¬ 
tively. This result also extends to partitions built from hollow bricks 
(see Table XIV), which instead of having special sound-insulating 
properties (as was at one time supposed) are actually slightly less 
insulating than a solid wall of equal thickness on account of being 
lighter. It follows, therefore, that if the architect has decided to 
use a solid wall, he can please himself as to what material he uses 
for it and as to whether he uses solid or hollow bricks. He must, 
however, aim at a sufficiently heavy wall and must design the par¬ 
tition so that cracks do not develop and so that all pores are sealed 
with plaster or other material. The question of what insulation is 
necessary in given circumstances is dealt with in Chapter XVI. 

As already mentioned, it is doubtful whether in practice a change 
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of anything less than 3 db. in the insulation of a partition has any 
significance. Put in terms of weight, this means that changing the 
weight of a wall by anything less than a factor of 2 has little acous¬ 
tical significance. For example, to make a noticeable improvement 
in the insulation of a 9 in. brick wall, it should be converted into an 
18 in. wall if solid construction is to be used. There is a limit even 
to this process. As the wall is thickened, resonances due to compres¬ 
sion waves in the thickness of the wall, as distinct from the flexural 
vibrations considered previously, become possible. It may be shown 
that the insulation of a solid wall is limited on this account (whatever 
its weight) to about 75 db. In the following chapter methods of 
attaining good insulation without excessive weight will be described. 


6~-(T.95) 



CHAPTER X 


THE TRANSMISSION OF SOUND THROUGH WALLS 
PART n—COMPLEX PARTITIONS 

In the last chapter single solid partitions were discussed, and it will 
be recalled that the chief factor affecting the insulation obtainable 
from such a partition is its weight per square foot; in other words, 
a single partition can only be made sound-insulating by making it 
sufficiently heavy. It nearly always happens, however, that weight 
is the last thing the designer is prepared to allow, and it is accord¬ 
ingly often necessary to look to non-solid partitions to provide 
sound-insulating constructions. 

It has been found that non-solid or, as they will be termed in this 
chapter, complex partitions can, if properly designed, combine 
insulation of a high order with a comparatively low weight, and this 
chapter will be devoted to discussing the principles which should be 
adopted in the design of such partitions. Incidentally, it should be 
stated that the remarks made regarding these principles apply 
with some generality to constructions which would not ordinarily be 
regarded as partitions, e.g. double windows and composite doors. 

Before commencing this discussion we must be clear as to what 
is meant by a complex partition. It is easier to mention examples 
as, for instance, stud partitions or double-leaved partitions, than to 
give a comprehensive definition. Probably the best definition is that 
a complex partition is one which, unlike a single partition, is so 
constructed that one face can vibrate differently from the other. It 
may be taken as a general rule that the more complete the dis¬ 
connexion between the two faces, the greater will be the insulation 
of the partition. 

The fundamental acoustical difference between solid and complex 
partitions is, therefore, that whereas the insulation provided by the 
former is almost completely determined by its weight, the insulation 
provided by the latter, although it is affected by its weight, also 
depends upon several other factors. Consequently, while two solid 
partitions having the same weight will have nearly enough the same 
insulation, two equally heavy complex partitions may differ very 
considerably in their insulating properties. 

The faces of a complex partition are connected in two ways. 
One is by the air between the leaves (this linkage is termed acoustical 
coupling), and the other is by the connexion provided by the struc¬ 
ture to which they are attached (this linkage is termed mechanical 
coupling). 

The position may be illustrated by the example of a stud partition 
in which the two panels are attached to opposite sides of the same 
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set of studs. Sound falling on one face of such a partition causes 
vibrations, which are communicated to the second face partly through 
the air interspace and partly via the studding. In a general way it 
can be seen that the linkage due to air coupling will depend upon the 
stifihiess of the air in the interspace and upon the weight of the 
panels, while the mechanical linkage will depend upon the mass and 
stiffness of the panels and the mass and stiffness of the studding. 

The aim in designing a complex partition is to minimize the 
importance of both forms of coupling. Generally speaking, the air 
path is the more easily controlled but there are certain devices, 
described later in this chapter, by which the mechanical coupling 
can also be reduced. It is well, perhaps, to point out that there is 
an overriding limit to this process. If the mechanical coupling could 
be completely abolished and acoustical coupling reduced to its 
minimum, i.e. a sound wave travelling from the first leaf to the 
second, the overall sound reduction (in decibels) would be the sum 
of the reductions of the separate leaves. The factors which affect 
air coupling will be dealt with first, mechanical coupling being 
discussed later. 

Linkage Caused by Air Coupling. The air contained between 
the two leaves of a double partition acts almost exactly as if it were 
a spring connecting them. When sound falls upon the first face 
(Fig. 87), the pressure variations in the sound waves force the face 
backwards and forwards. This movement creates pressure varia¬ 
tions in the interspace, and in consequence the second face is moved 
backwards and forwards and radiates sound on the other side of the 
partition. The movement of the second leaf is usually considerably 
less than it would have been had the sound wave acted directly 
upon it. Increasing the separation between the leaves of the 
partition will decrease the pressure difference in the interspace 
and, by decreasing the motion of the second leaf, accordingly 
increase the insulation, (xenerally speaking, the insulation obtain¬ 
able from a double partition increases continuously as the separa¬ 
tion between the leaves increases, but there is a secondary effect 
which disturbs the continuity of this increase, especially at low 
frequencies. The origin of this effect, which is due to a resonance, 
is discussed in the original papers,* and reference should be made 
to these if detailed information is required on this point. That 
the resonance is worthy of attention will appear from the following 
section. We do not wish, however, to overrate its importance: 
the most important point in designing a complex partition is 
to reduce the air coupling at all frequencies, and this can be done 

* E. WiNTERQKRST; SchcUlUchnik, 4-6, 1931; J. E. R. Constable: 
Philosophical Magazine, Vol. 18, p. 321, 1934; D. Hurst: Canadian 
Joum. of Res., Vol. 12, p. 398, 1935; A. L. Kimball: Joum. Acoust, Soc. 
Amer., Vol. 7, p. 222, 1936; L. Renault: Revue d'acausHque, Vol. 6, p. 69, 
1937; J. E. R. Constable : Philosophical Magazine, Vol. 26, p. 253, 1938. 
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by making the separation as big as possible; attention to the 
resonance effect mentioned above is of the nature of a refinement 
in that it affects the lower-pitched tones only. 

DouUe Partitions Constructed from Two Similar Components. 
The behaviour of double partitions constructed from components 
of equal weight is illustrated in Fig. 88, which is based on measure¬ 
ments made at the National Physical Laboratory upon the sound- 
insulation of a double window glazed with 21 oz. glass.* It will be 


Double 

Partition 



First leaf vibrating 
Vibrating under action 
under action of pressures 
of pressures caused m 
in incident interspace by 
sound-wave vibration of first leaf 

Fio. 87. Illustrating the Way in which the .Air in the 
Interspace between the Two Leaves of a Double Partition 
PROVIDES AN Acoustical Connexion betwep:n them 

seen that, particularly at low frequencies, increase of the separation 
between the panes of glass decreases the insulation at first but after¬ 
wards increases it. (Similar results have been obtained by Renault 
for double sheet-steel panels.) This behaviour arises from the air¬ 
coupling effect referred to above, the minimum in the insulation 
occurring, of course, when the separation is such that the frequency 
of the air-coupling resonance is about equal to the frequency of the 
sound concerned. It will be noticed, incidentally, that (particularly 
at the lower frequencies) the insulation of the double window at its 
minimum can be less than that of one pane alone. The spacing at 

* J. E. R. Constable: Philosophical Magazine, Vol. 18, p. 321, 1934. 
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which the minimum occurs decreases as the test frequency increases, 
as is shown in the figures, being 4 in. at 100 c.p.s. but only about 
rfV in. at 1,000 c.p.s. when 21 oz. glass is used. 

Formulae have been given in the various papers referred to for the 
sound-insulation of double partitions idealized in various respects. 
These formulae are unlikely to be strictly applicable in practice, so 
only the following general conclusions will be given. (These are, of 
course, based upon the assumption that air-coupling is predominant 
over mechanical coupling.) 

The sound-insulation of a double partition constructed from 
similar components which have ordinary thicknesses and spans, 
so that their fundamental resonance frequencies are low, is a mini¬ 
mum for a separation given approximately by the following 
formula— 

d = 60,000/n^ in. . . . • (1) 

where w — weight of each component in Ib./sq. ft., 
n — frequency in cycles per second, 
d = separation between components in inches. 

This formula shows that increasing the spacing decreases the 
frequency at which the sound-insulation minimum occurs and that 
increase of the weight of the components has a similar effect. 

For separations greater than those which give the minimum 
sound-insulation, increase of the separation increases the insulation 
continuously, until the spacing is about equal to a quarter of the 
wavelength of the sound considered; further increase of the separa¬ 
tion causes a decrease of the insulation to a second minimum at a 
spacing of about a half-wavelength. This point is not likely to be 
reached at low frequencies (the wavelength corresponding to 100 
c.p.s. is of the order of 10 ft.) but may occur at higher frequencies; 
see, for example. Fig. 88 (d), in which the second minimum at 1,000 
c.p.s. is shown. After this second minimum, other sound-insulation 
minima occur at successive increases of a half-wavelength in the 
separation. It is doubtful, however, whether they are as important 
as the first minimum discussed above. For practical purposes, it is 
sufficient to assume that after the first minimum the insvJhition steadily 
increases as the spacing is increased up to about a quarter-xmvelength 
of the sound concerned, bui that thereafter any further increase in spacing 
causes only minor variations in the insulation. 

Increasing the weight of the components, besides decreasing 
the frequency at which the minimum occurs, also increases the 
insulation of the individual components in accordance with the mass 
relation, thereby increasing the insulation of the doubly partition. 
Using heavy leaves is particularly important when insulating against 
low notes, since double partitions tend to be defective at these 
frequencies. 
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It follows from what has been said above that any decrease in 
the weight of a double partition has to be compensated for by 
an increase in its thickness if the insulation is to be unaffected. 
That is to say, that to provide anything more than moderate 
insulation, a double partition must be either thick or heavy; a 
thin, light sound-insulating partition seems, at any rate for the 
present, impossible to construct. 

Double Partitions Constructed from Dissimilar Components. 
It is often claimed that there is an advantage in constructing a 
double partition of components of unequal weight. The theory of the 
sound transmission through double partitions of this type has been 
discussed by various authors,* and it has been shown that they be¬ 
have similarly to those having similar leaves except that the mini¬ 
mum in the insulation caused by the resonance is less important. 
Calculation indicates that this latter point is the sole advantage of 
dissimilarity between the leaves, and that even this is of minor signi¬ 
ficance. In fact, for most frequencies the insulation obtainable 
from a double partition of given weight and thickness is greatest 
when the leaves have equal weight. It is accordingly to be concluded 
that ordinarily there is no advantage in making the leaves dissimilar. 

One other point may be dealt with here. It has been urged in 
favour of partitions constructed from dissimilar components that 
the disadvantage of the leaves having identical resonance frequencies 
is obviated. It is doubtful, however, whether this has much practical 
significance, at least as regards insulation against airborne sound, 
since the resonances of partitions appear to be so sensitive to the 
conditions at the edges and other factors that it is unlikely that in 
the case of similar components the two resonances would be suffi¬ 
ciently near together to have a marked effect upon the sound- 
transmission. 

Effect of a Sound-absorbent Lining upon Air Coupling in a 
Double Partition. Building acoustics is scarcely ever subject to exact 
theory (possibly the one exception is reverberation). The difficulties 
arise because the dimensions of the objects concerned are so often 
about the same as the wavelength of the sound. Were they very 
different one way or the other, an exact theory might become pos¬ 
sible. As it is, one can only proceed by a process which consists prac¬ 
tically of doing the theory twice, first assuming the objeijts are small 
compared to the wavelength, and then again, assuming they are 
large compared to the wavelength. 

An example of this process is seen in double partitions. We have 
so far regarded them as for the most part small (in thickness), and 
have obtained the resonance effects described above. If instead we 
regard them as large, we are enabled to investigate another factor 

* A. L. Kimball: Journ. Acouat, Hoc. Afmr., Vol. 7. p. 222, 1936; L. 
Renault : Revue d'acouMique, Vol. 6, p. 69, 1937; J. £. R. Constable : 
PhUowjyhioal Mcigazim^ Vol. 26, p. 263, 1938. 
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Emei^ent 

sound 


which influences their sound-insulation, namely the sound-absorbent 
conditions of their inner surfaces. 

We may in imagination follow the course of a ray of sound which 
falls upon one leaf of a double partition (Fig. 89). Part of the ray is 
transmitted into the interior of the partition, within which it will be 
reflected to and fro between the various surfaces. Every time the 

ray strikes the second leaf some of it 
will be transmitted out into the room 
on the other side. (Similarly, of 
T'l 7^2 course, for the first leaf; but we are 

not concerned with that.) This we 
can imagine to be the process by 
which sound is transmitted through 
the partition. Clearly the more 
absorbent the interior surfaces are, 
the more rapidly will the ray be 
attenuated during its to-and-fro 
movements and the less will ulti- 
mately emerge through the second 
leaf. This effect of an absorbent 
Incident Emei^ent lining has been studied,* and a 

formula has been obtained which 
was confirmed by experiment. This 
formula does not seem to be appro¬ 
priate to a book of this type, since 
^ I , . JL ■ ■ ■ it is somewhat complicated; if it is 

yyy/yyy/Y/^^ required, reference should be made 

to the original paper. The point of 
Fig. 89. Ray of Sound passing practical importance which emerges 
THROUGH A DOUBLE PARTITION jg ^j^^t mauy doublc partitions have 

what may be termed “reverberant 

interiors and that their insulation should be capable of improvement 
by lining their inner surfaces with 80 und-al>sorbent material. The 
greater the area of sound-absorbent and the higher its absorption 
coefficient, the greater will be the improvement. It should be re¬ 
membered, however that, roughly speaking, as when using absorbent 
for reducing the noise level in a room (Chapter V), it is necessary to 
double the total absorption to produce a worth-while effect. The 
reader should perhaps be reminded at this stage that for the purposes 
of discussing the air linkage we are neglecting mechanical linkage. 
The insulation of a double partition with considerable mechanical 
linkage between the leaves would not be affected by the amount of 
absorbent in the interspace. 

Measurements have been made upon a double pactition* con¬ 
structed of sheet iron weighing 21 oz./sq. ft., which was sealed into 
a brick aperture; the separation between the components was about 
• J. E. R. Constable: Proc. Phyn, Soc., Vol. 48, p. 690, 1936. 


Fig. 89. Ray of Sound passing 

THROUGH A DOUBLE PARTITION 
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8 in. The effect of covering the comparatively non-absorbent brick 
surfaces with sound-absorbent felt (average coefficient of absorption, 
0*7) was to increase the insulation of the partition by about 8 db.— 
a worth-while improvement. A lining of J in. fibreboard gave a 
smaller improvement, as was to be expected from its lower absorp¬ 
tion coefficient. 

It should be noted that a sound-absorbent lining is of most value 
in partitions which are constructed from non-absorbent materials, 
e.g. metal, glass, or even plywood (double partitions of which have 
been examined by Meyer).* It seems accordingly that little improve¬ 
ment is to be expected from putting sound-absorbent into a double 
partition which is constructed from absorbent material, e.g. fibre- 
board. 

There has been some discussion as to the best position, acousti¬ 
cally, in which to install the absorbent. Meyer has argued that it 
should be fixed round the edges of the partition as shown in Fig. 101 
in the chapter dealing with windows. This is, of course, the natural 
position in double windows. The evidence on this point is inconclu¬ 
sive, however, and no doubt the position of the absorbent will most 
often be determined by practical considerations. 

A practice frequently adopted is that of filling the cavity in a 
double partition with a loose material. There does not appear to be 
any evidence in favour of this course, and, indeed, it seems that 
fillers can only provide an unwanted connexion between the two 
faces. Constable and Astont have tested the effect of light fillers in 
double aluminium partitions and have found no effect. P. E. SabineJ 
tried fillers of various types in double masonry partitions, and con¬ 
cluded that they liave no value beyond the fact that the resulting 
increase in weight led to an increase in insulation. On the other 
hand, hanging an absorbent blanket in the interspace between two 
light-weight panels (see Nos. 15, 18, 22, in Table XVI) affords an 
im])rovement in insulation, as might be expected. 

l^artitions Nos. fi, 8, 9, and 10 illustrate the effect of sand and 
other filling materials in the interior channels in a plastic sheeting 
})artition formed of two sheets joined at 2 in. intervals with ^ in. 
webs. The insulation of the unfilled partition is distinctly below 
that predicted by the mass curve, while the fillings bring the 
insulation up to the “mass curve value.” 

Effect of Evacuating the Interspace. From time to time the sugges¬ 
tion is made that evacuating the interspace would get rid of the air¬ 
coupling effects. This is correct theoretically, but up to the present 
efforts at constructing such a partition have failed because the forces 
due to atmospheric pressure are so great. CJonstructions stiff enough 

• E. Meyer: Electrische Nachrichien-Tpxhniky Vol. 12, p. 393, 1935. 

t J. E. R. Constable and G. H. Aston: Philosophical Magazine^ Vol. 23. 
p. 161, 1937. 

X P. E. Sabine: Journ, Acoxist, Soc. Aincr.y p. xx, January 1930, 197. 
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to withstand this pressure would render the partition too heavy, 
and thus would also tend to make mechanical linkage too great. 
Meyer* has tried putting a number of iron supports between two 
sheets of an evacuated double sheet-iron partition to overcome this 
difficulty, but has found only a loss in insulation. 

Redaction of Air Linkage—Summary. 1 . The leaves should be 
similar, and the separation between them should be made as large 
as possible. In any event the separation should be so large that 
the resonance caused by air coupling occurs at a low frequency. 
On this basis may be calculated minimum values of the separation 
to be used if satisfactory insulation is to be obtained at low fre¬ 
quencies. Representative values are given in Table XV. 


TABLE XV 

Minimum Spacing between the Leaves of Double Partitions 


Weight of Leaf 
ilb.faq.ft.) 

10 

1-3 

20 

3*8 

7-5 

(The above weights of leaf are 


Minimum Spacing 
between Leaves 
(inches) 

6 

4 



those of 


It should be emphasized that the above separations are the least 
which should be used. Using a greater separation should be advan¬ 
tageous, up to a quarter of the wavelength of the most important 
frequency concern^. 

2 . The interior of the interspace should be rendered sound-absor¬ 
bent either by using sound-absorbing materials for the construction, 
e.g. fibreboard, or by lining the interior surfaces of the partition 
with absorbent. The absorbent treatment must not provide a 
mechanical linkage between the two leaves: for this reason fillers 
such as sawdust, broken clinker, slag, wool, etc., are inadvisable or, 
at the least, valueless. 

Linkage Caused by Mechanical Coupling. The relative importance 
of mechanical and air coupling in a double partition depends upon 
circumstances, and the interplay of these two effects has not yet 
been studied in detail. There are, however, a number of general 
observations which can be made and based on these, and on certain 
experimental results useful methods of reducing mechanical coupling 
can be developed. The greatest difficulty seems to be to decide 
whether, in any particular case, air coupling or mechanical coupling 
is likely to predominate; clearly there is no point in reducing the 
one linkage if the other is already of overwhelming importance. 
Since no complete theory is available, the subject may* perhaps be 
best discussed by means of a few examples. 

* £. Mbyer: Akutieche Zeits., Vol. 2, p. 72, 1937. 
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(a) Double Partitions with Leaves connected only at their Edges. 

The simplest example of mechanical linkage is found in a double 
partition the leaves of which are connected only at their edges. Such 
partitions can consist either of two leaves attached to a common 
framework, e.g. a double window or a hollow door (Fig. 90 (a)), or 
two leaves built up to a common building structure, e.g. a double 
masonry partition (Fig. 90 (6)). In the former, vibrations of the 
first face of the partition will cause pressure variations in the inter¬ 
space with consequent motion of the second face (air linkage), and 
will also cause vibration of the connecting frame with consequent 



Fig. 90. Mec hanical ('oi^pling in Different Types of Double 

Partition 


motion of the second face (mechanical linkage). If the frame is held 
firmly (e.g. attached, as in the case of a window, to a brick surround) 
the motion of the connecting frame will be reduced and mechanical 
linkage lessened. When the frame is free to vibrat-e (e.g. a door 
frame) mechanical linkage is likely to be greater. These statements 
are confirmed by the experimental observation that the insulation of 
a hollow, plywood-faced door is no better than that of an equally 
heavy solid door (in fact, mechanical linkage is evidently more im¬ 
portant than air linkage in this case), whereas a double window, in 
which the window frames are attached to a common massive 
structure, can provide insulation of a high order. In the latter case, 
the fact that the insulation varies with the separation is evidence 
that air linkage predominates over mechanical linkage. 

A second point can be made regarding this form of double par¬ 
tition, namely that the less the weight and stiffness of the leaves, the 
less will be the mechanical coupling. For example, if the partition 
consisted of two sheets of paper attached to a wood frame, one would 
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expect the frame to be practically unaffected by the motion of the 
paper, and the linkage would probably be almost entirely via the 
air. If the leaves were heavier, e.g. of J in. glass, the mechanical 
coupling would probably be markedly greater and might become 
more important than the air coupling. 

In a double masonry partition (Fig. 90 (6) ) the experimental 
evidence indicates that normally mechanical coupling via the edges 
is of overwhelming importance, presumably on account of the 
great weight of the partition. This is shown clearly by Nos. 33 and 
36, Table XVI; in the former case the two leaves were mounted 
on a single wall forming one side of the gap separating the two 
structurally-isolated test-rooms, while in the latter the leaves were 
erected on opposite sides of this gap; the average insulation was 
thereby increased from 49 to 71 db. The vibration of the leaf upon 
which the sound falls causes vibration in the building structure to 
which the leaf is attached and consequent movement of the second 
leaf, which radiates sound on the other side of the partition. The 
predominance of mechanical coupling in masonry partitions leads to 
the following conclusions— 

1 . \'arying the separation between the leavers has little effect 
upon the insulation. 

2. There is no jioint in putting sound-absorbent material in the 
interspace: there is experimental evidence, for example, that hang¬ 
ing eel-grass quilt in the interspace of a double masonry partition 
has no value. 

3. For the greatest insulation, the leaves should be insulated 
at the edges with a layer of elastic material so as to impede the 
transmission of vibration to the building structure which 
would otherwise connect the two leaves. That edge insulation 
is valuable has been shown by experiment at the National Physical 
Laboratory,* where the effect of insulating the edges of the leaves of 
a double breeze partition with a continuous layer of J in. compressed 
cork has been tested. It appears that the insulation can be increased 
by this treatment by 5 db. or more, and in this way a double partition 
of 2 in. breeze blocks, separated by 2 in., can be built to have an 
insulation as great as that of a 9 in. brick wall which is about three 
times as heavy. The construction, which appears to be quite 
practicable and has been used in various buildings in Great Britain, is 
shown in Fig. 91. An important point to notice is that the insulation 
must not be bridged, and for this reason the plaster must not be 
carried over it. A suitable finish is distemper or a covering of cloth 
or paper. It is of interest to note that the insulation of a single 
masonry partition is not increased, but rather the reverse, by 
marginal insulation of this kind. (See No. 14, Table* XIV.) This 
observation confirms the view that the cork layer has the sole 

♦ Ministry of Health Departmental Committee on the Construction of 
Flats for the Working Classes, 1937 (H.M. Stationery Office). 
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function of reducing the mechanical linkage between the leaves 
and the supporting structure. 

Another way of insulating the second leaf of a double partition 


Zy/nVCork 


DETAIL OF BUTT 
JOINT AT WALL 
& CEILING 


detail at SKIRTING 


detail of tooth 

SURROUNDED BY 
Him CORK WHERE 
PARTITION IS bonded 
INTO BRICKWORH 
(X on EN vat ton) 

Fig. 91. Double Clinker Block Partition with Marginal 
Insulation op Cork 
{li.M. stationery Office) 

was used in the National Broadcasting Company's studios, New 
York, and is shown in Fig. 144. A somewhat similar method of 
insulating the inner leaf was used in the Berlin radio studios, and 
has been described by von Braunmuhl.* 

* H. J. V. Braunmuhl: ZcUs,fur Techn. Fhyaik, V^ol. 16, p. 571. 1935. 
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Effect of Wall Ties in Double Masonry Partitions, This has been 
studied by G. H. Aston* for double partitions with no other 
mechanical linkage, i.e. each leaf was mounted on the opposite side of 
the gap separating the test rooms at the National Physical Labor¬ 
atory. Hollow clay-block partitions were used, giving an insulation 
of 12-15 db. above the mass curve value when so mounted. Butter- 
fly-shaped wire ties between the leaves reduce the insulation 
by 6-9 db. at low frequencies and practically not at all at high 
frequencies, while iron bar ties bring the insulation down to 



Fio. 92. Method or Insulatin<} Kdoks of STiru Partition 


the mass curve value, unless the bar tie tips are covered with 
in. rubber, in which ca-se there is no appreciable reduction in 
insulation. 

In the case of lighter double partitions, e.g. staggered stud par¬ 
titions (which must be distinguished from stud partitions in which 
the studding is common to the two faces), it is possible to insulate 
the edges with felt. The two faces of the partitions are then wedged 
into a felt lining laid against the walls, floor, and ceiling between 
which the partition stands (Fig. 92). The impoi’tant point to observe 
with this construction is that the felt insulation must not be short- 
circuited by driving nails or screws through it. 

(b) Partitions with Common Studding. The type of partition shown 
in Fig. 90 (a) is usually suitable for moderate spans only; in the 
case of the average partition it is necessary to introduce additional 
supports at intervals as shown in Fig. 90 (c). That the mechanical 
coupling is only moderate in partitions consisting of plasterboard 
attached to wood studding has been shown by measurement 
at the National Physical Laboratory (partitions 25-28, Table 
XVI), which have shown that the average insulation provided by 
stud partitions is greater than that of an equally heavy solid 
partition. 

One point must be considered here, as it is connected with the 
question of the relative flexibility of the facing material and of the 
framing which supports it. It arises in connexion with partitions, 

• O. H. Aston ; The Sound-in8td€Uion of Partitiona, Department of Scien¬ 
tific and Industrial Research, 1948. 



TABLE XVI 

SoUXD-INSUIiATIOy OF COMPLEX PARTITIONS* 

The figures in brackets give the insulation which the average solid non-porous partition of the same weight 
would be expected to have. The extent to which the measured insulation exceeds this figure is a measure of 
the extent to which the linkage between the two faces has been reduced. 
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and also windows. A partition constructed as shown in Fig. 93 
and consisting of a single sheet of building-board attached to 
studding is occasionally used where the finish on one side is of no 
importance. It might be expected that the studding would restrict 
the motion of the facing material and thus increase its insulation. 
Actually, however, measurements (partitions 1-5, Table XVI) 
show that, at least when the facing material is building-board, 

^ the insulation of the partition is no 

ra greater than would be provided if 

I the studding were omitted. That is 

^ to say that the fibreboard vibrates 

\ somewhat as shown in Fig. 93 (5), 

the studding remaining relatively 
II stationary. This observation, in- 

\ *' 11 eidentally, confirms the statements 

i* ' ' 11 made earlier regarding the small 

^ mechanical linkage caused by stud-. 

1 ^ ding used under these* conditions, 

i I Wvl \ similar observation has been 

\ made in the case of metal-framed 

1] fi \\ windows, in which it appears that 

\ /1 * I the weight and stiffness of the 

\ ** I* 

I’ sulating power of the glazing. 

\ j! It should be pointed out that 

\ stud partitions with light facing 

1 i^i^l^*rials have the usual defect of 

l\ ^ light double partitions, namely that 

(CL) /A' (b) the insulation they provide at low 

,, frequencies is usually low (see Nos. 

liG. 93. Showing that thk ^ i a i " u i.i 

Insulation of a Single Sheet of shown by the re- 

Thin Material is not Increasku suits obtained with partitions 28-32 
BY Attaching it to Heavy (Table XVI), however, heavy stud 
Studding partitions can be satisfactory in 

this resj^ect. The lighter construc¬ 
tions are useful where high-pitched sound, e.g. tyjhng noise, is 
to be insulated cheaply. 

(c) Insulating Treatment Supported on Battens. Another common 
type of complex partition in which mechanical coupling is important 
consists of a masonry partition faced on one or both sides with a 
layer of light material supported on battens attached to the wall. 
The partition is sketched in Fig 94 (a). The light facing usually 
consists of wallboard, and can be plastered. In practice it is found 
that only small improvements result from this treatment unless 
the battens are insulated from the wall as shown in Fig. 94 (b). The 
insulation afforded by a 9 in. wall can be increased by 5 db. by 
applying this treatment to one face only (partition 43, Table XVI); 


BY Attaching it to Heavy 
Studding 
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the treatment probably finds its greatest value as a method of 
improving the insulation of already existing walls, particularly 
light ones. No doubt the architect can devise methods of insulating 
the battens to suit his particular needs; one satisfactory method 
is to use insulated floor clips for this purpose (Fig. 121). 

Incidentally, measurements have shown that attaching building- 
board directly to the face of a masonry partition does not increase 
the insulation. 

(d) Multiple Partitions. The chapter must not be concluded with¬ 
out a reference to multiple partitions, i.e. partitions constructed with 




Fio. 94. Insulating Treatment attached to a Wall by Battens 

more than two leaves. These are not yet very common, probably 
the sole example being the treble windows sometimes used for 
sound-insulation. This type of partition probably has a future, 
however, but can only be used advantageously provided the 
mechanical coupling between the leaves can be controlled, since 
obviously, if sound can pass by mechanical coupling easily between 
the first and the last leaves, the intermediate leaves will not con¬ 
tribute to the insulation. This is conspicuously shown in No. 38, 
Table XVI, in which the average insulation of three leaves of clinker 
concrete is only 3 db. above the mass curve value, where all three 
leaves are mounted on one continuous structure. Taking into 
account only the air coupling a multiple partition can be regarded 
as a series of weights connected by springs. Such a system consti¬ 
tutes what is known as a low-pass filter^ i.e. a system which will 
transmit sound having a frequency below a certain limit but 
attenuates considerably frequencies above this limit. The magnitude 
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of this limit depends upon the relative weights and stiffnesses. It is 
given approximately by the formula— 

Limiting frequency = 280/\/(rwd) 

where d is the spacing between neighbouring components in inches 
and m is the mass of each leaf in pounds ptu* square foot. Such 




K -► 


Fio. 95. Sound-insulation of Multiplk Partitions of Glass 

The figures show the calculated reductions in intensity levels (measured in decibels) 
due to various numbers of partitions, plotted against a logarithmic Scale ot 
E » (2fr/c) X frequency in cycles per second. The standard partition (A) is taken 
as glass, having a mass per unit area 1*4 Ib./sq.' ft. and natural frequency 18 3 c.p.s. 

The spacing between the partitions is 2 inches. 

The curves are: A, one partition; B, two partitions; C. five partitions; />, one 
partition having a mass per unit area five times that of partition A, and a natural fre¬ 
quency of 18’3 c.p.s.; E, 10 partitions. 

partitions transmit low-pitched sound readily (this corresponds to 
the resonance effect discussed in connexion with double partitions), 
but there is a sharp rise in the insulation to a very much greater 
value as the limiting frequency is exceeded. 
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Curves based upon calculation’*' of the insulation to be obtained 
from two, five, and ten sheets of 21 oz. glass are shown in Fig. 95, 
which illustrates the low-pass filter effect very well. Meyer, who 
has made measurements upon plywood multiple partitions,! has 



Fig. 9(5. Sound-insulation of Multiple Partitions of Plywood 

Curves 2, 3, 4 aud 5 show the iusulatlon at various fremiencics of multiple partitions 
eomposed of 2, 3, 4 and 5 sheets of plywood resiwctively. 

been able to observe these effects provided there was a sound-absor¬ 
bent lining round the edges to destroy wave motion parallel with 
the leaves. Some of his results are shown in Fig. 96. 

It is possible that such partitions would find a use where a very 
light partition was required to insulate against a noise which con¬ 
tained little low-frequency sound. 

♦ D. Hurst: Canadian Jonrn, Vol. 12, p. 398, 1935. 
f E. Meyer: Elektrische Nachtrichten-Techniky Vol. 12, p. 393, 1935. 




CHAPTER XI 

SOUND-INSULATINO WINDOWS 


Glass, as a structural material, is coming more and more into use, 
both in this country and abroad. Not only are windows used as a 
means of admitting light and air, but they also play an increasingly 
important part in modern exterior design. Indeed, in factories, 
department stores, and hospitals, it is not unusual to find that a 
large part of the exterior surface consists of glass. The vogue for 
glass is not confined to the outside of buildings: glass interior par¬ 
titions in offices, factories, and schools are in common use. This 
use of glass brings problems of heat- and sound-insulation, but 
it fortunately happens that these go hand in hand, the sound¬ 
proof window constructions described later affording also con¬ 
siderable heat-insulation. There are many situations where heat- 
insulation is desirable, but sound-insulation is imperative. 

There are other positions, not perhaps quite so obvious as the city 
hotel, where soundproofing is practically a necessity. Interior 
partitions in offices, schools, and in certain cases in factories should 
be “soundproof,** i.e. their sound-insulation should be sufficient to 
render the transmitted noise inaudible against the average noise 
level due to activities in the room where quiet is required. An even 
more stringent specification than this is needed in the case of windows 
in radio studios, gramophone recording and audition rooms, and 
so on. 

Although not actually an architectural problem, the exclusion of 
noise from railway carriages, particularly in underground railways, 
has received attention and the importance of providing soundproof 
windows in the rolling stock may be pointed out. 

The average window with single glazing, even if shut, does not 
afford satisfactory sound-insulation if “excessive noise** is present 
or if “absolute quiet** is required, as can easily be verified by actual 
observation. To give a few figures: 30 db. represents the average 
sound-reduction of a well-constructed single window glazed with 
I in. glass and having a reasonably tight closure (this figure can be 
seriously reduced by gaps between windows and frame, of which 
more later), a figure which may be contrasted with that of the aver¬ 
age 9 in. wall, which will usually have an insulation of about 
52 db. Thus the low sound-insulation of windows is the overriding 
factor influencing the sound-insulating value of a building, a point 
discussed more fully in Chapter XV. 

Such experiments as have been made indicate that it is probably 
not possible to produce a singly glazed opening window of insulation 
(when shut) greater than 30 db., presumably since any improvement 
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in the insulation provided by the glazing is masked by the sound 
transmitted through the gaps round the edge of the frame. This 
transmission is one of the reasons for double glazing in a common 
frame being unsuccessful for sound-insulation purposes. By using 
a double window with the glazing in separate frames, not only is the 
insulation increased but the loss due to the gaps is decreased, since 
there are now two to be traversed. 

The value of double windows in sound-insulation as well as in 
heat-insulation has been known for some time, but the principles 
underlying their action have not been fully understood until recently. 
Calculation, amply confirmed by experiment, has shown that, 
neglecting for the moment the effect of gaps, two sheets of window 
glass separated by an air layer can by suitable design afford an aver¬ 
age insulation of the order of 50 db. Not many walls possess an 
average insulation greater than this, so that a double window can, 
on the whole, be adequate to its task. Double windows are actually 
being used with success in several large London buildings, and at 
least two manufacturers market standard double windows in this 
country. On the Continent and in America double windows are 
more often used than in England—largely, however, because of their 
heat-insulating properties. 

In the following pages the various factors which affect the sound- 
insulation of windows are discussed. These are, for single windows : 
(a) weight of glazing, (6) closure, and (c) effect of opening. For 
double windows the various factors are: (a) the separation between 
the components, (6) the weight of the glazing, (c) the sound-absor¬ 
bent character of the space between the components, (d) the mechan¬ 
ical linkage between the components arising from their fixing at 
the edges, (e) the closure, and (/) the angle of opening. 

L SINGLE WINDOWS 

(a) Effect of Weight of Glazing. As with all single partitions, the 
sound-insulation .of a single window increases with the weight of the 
glazing. It is therefore preferable to use heavy glass J in. or f in. 
thick in noisy situations where single windows are installed. For 
reference purposes, the sound-insulation to be expected from differ¬ 
ent weights of glass is given in Table XVII. 

The possibility of affecting the sound-insulation of a single window 
by sub^viding the panes with glazing bars has been investigated 
by P. E. Sabine, and his measurements do, in fact, show a small 
improvement (2 db.) as the result of quartering a J in. glass window. 
It is probable, however, that this was of the order of the experimental 
error, and in any case the improvement recorded is too small to be 
of practical importance. 

Other measurements made upon a window having dimensions of 
approximately 5 ft. by 4 ft., subdivided to consist of two opening 
frames and one fixed frame, showed that its sound-reduction factor 
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TABLE XVII 

SOUND-INSULATION OF SINGLE WINDOWS WITH GlASS OF DIFFERENT 

Weight 


Thickness 
of Glass 
(in.) 

Weight 
(Ib./sq. ft.) 

1 

Average Sound-reduction for Frequencies 
(cycles per second) 

200 and 
300 

500, 700, 
and 1,000 

1,600 and 
2,000 

200, 300, 500, 
700, 1,000, 
1,600, and 
2,000 



db. 

db. 

db. 

db. 

01 

1-3 

19 

25 

35 

26 


(21 oz.) 





012 

1-6 

21 

26 

36 

27 


(26 oz.) 





0-25 

3-8 

28 

32 

40 

32 

0-n 

7-6 

33 

36 

44 

37 


was that corresponding to the weight of the glazing (3J Ib./sq. ft.). 
The complete window had a heavy metal frame, so that the average 
weight was more than four times the weight of the glazing. It can 
be concluded that a heavy frame affords no advantage on account 
of its weight. 

{b) The Effect of Closure. The closure of any window is a matter 
of importance. Manufacturers are fully alive to the need for keeping 
in heat and excluding draughts, but the importance of tight closure 
for sound-insulation is not always realized. Considering for the 
moment only single windows, it is not unusual to find, e.g. between 
the tw'o sashes of a sash window, a gap which may appreciably 
impair the insulation. It may be shown by simple calculation that, 
say, a 40 in. by J in. gap may be expected to reduce the insulation 
of a window of area 50 in. by 40 in. and glazed with 21 oz. glass by 
at least 5 db. The methoil of calculation is given in Chapter XV. 

The important effect of gaps justifies a little closer consideration 
being paid to their sound-transmitting properties. Wintergerst and 
Knecht* are of the few who have made an experimental study of 
this point. Some of their results are given graphically in Fig. 97, 
in which the variation of a factor q equal to 

effective area of aperture 
actual area 

with frequency of the test sound is plotted. The results apply for 
circular apertures in a material of thickness 0*04 in. having diameters 
between roughly 0*1 and 0*5 in. Similar results were obtained for 
slits, except that the values of q were even greater than those shown 

• ZeiM. Vtrein Deut. lng,y Vol. 76, p. Ill, 1932. 
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for circular apertures. The results show that, particularly at low 
frequencies, apertures transmit far more sound than would be 
expected from their area: they “draw” sound energy into them¬ 
selves, in fact. At 100 c.p.s., for instance, a tV in. hole behaves as 



Freq u en cy Cycles/sec 

Fig. 97. Effective Area of Circular Apertures at Different 
Frequencies 

Actual diameters were 012 iu. to 0 48 in. 

/ _ Effective srea \ 

“ Actual area / 


if it were about 1 in. in diameter. It is not until quite high frequen¬ 
cies are used that the sound transmittcnl through a hole becomes 
of the same order as that calculated from its area. This is attributed 
to diffraction effects, which were discussed in Chapter I. 

Those experiments, being made with holes in comparatively thin 
sheets, are not directly applicable to our present problem. The 
gaps which occur in ordinary window construction are deeper, and 
henc^ are likely to transmit less sound than holes in thin sheets. 
It is to be presumed, however, that similar effects will occur. Meas¬ 
urements made at the National Physical Laboratory have shown 
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that in the case of even a good-quality metal-framed casement win¬ 
dow, glazed with J in. glass, the loss due to transmission through 
the gap was about 5 db. 

Clearly the ideal at which to aim is an airtight seal. This could 
be obtained by using a soft lining such as chamois leather, felt, or 
soft rubber on the rebates of the window frame and fitting latches 




/ 




incident Sound 



Fig. 98. Window Tested for Sound-insulation with One 
Section Open 

with a wedge action. If lining is not practicable, the gaps should 
have the greatest possible depth, as well as being as narrow as 
possible. 

(c) The Effect ol Opening. In view of the above, it is surprising 
to find that opening a section of a window does not necessarily 
entirely destroy the insulating effect of the window. This has 



been shown by measurements at the National Physical l^abora- 
tory, in which the average sound-reduction factor of the window 
shown in Fig. 98 was found to be 16 db. with a section open as 
shown, as compared with 28 db. when the window was closed. The 
amount of sound transmitted into a room where a window is open 
depends upon a number of factors, e.g. the direction from which the 
sound is coming, the area of the oxiening section, the extent to which 
the window is opened, and the absorbent condition of ,the wall 
surfaces upon which the sound falls. No comprehensive experiments 
appear to have been made to examine these points, but some 
remarks of a general nature may be made. 
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Firstly, windows opening about a vertical axis form excellent 
sound reflectors, and when installing them in a building their direc¬ 
tion of opening should be arranged so that it is not possible for sound 
to be reflected from room to room via the opening windows as shown 
in Fig. 99. 

As regards ventilating flaps, it should be remembered that the 
majority of street noises come from below and can be reflected into 
the room by the flap as shown in Fig. 100 (a). To reduce this reflec¬ 
tion, absorbent material may be applied as shown in Fig. 100 (6). 




Fig. 100. Sound from Busy Street Reflected into Room by 
Open Windows 

(а) Sound rising from the street is reflected into the room by the top-hung venti¬ 
lating flap. 

(б) The bottom-hung ventilating flap reflects little sound into the room. The ceiling 
and soflits near the window are treated with absorbent. 

The principle underlying this design is that sound coming from below 
strikes against the absorbent material before reaching the occupants 
of the room. There are no figures available for the effectiveness of 
this design. 

n. DOTJBLE WINDOWS 

(a) The Value of Spacing between the Components of a Double 
Window. The value of the spacing betw’een the components of a 
double partition has already been discussed in Chapter X. It will 
be recalled that it was shown that the sound-insulation obtainable 
from a double partition of which the leaves are comparatively 
light depends to a marked extent upon the spacing between the 
components. For each frequency there is a critical spacing at which 
a resonance occurs arising from the stiffness of the air between the 
components. At this resonance the sound-insulation is a minimum. 
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Increasing the spacing beyond this point increases the insulation 
again. The practical rule is therefore to make the separation suffi¬ 
ciently large, so that the resonance occurs at a low frequency. An 
approximate formula which can be used for this purpose is given in 
Chapter X, but for convenience it is repeated here. It is that a 
resonance will occur if— 




60,000 

nhv 


in. 


where w — weight of each component in pounds per square foot, 
n = frequency in cycles per second, 
d = separation between components in inches. 


On this basis may be calculated minimum values of the separation 
to be used if satisfactory insulation is to be obtained at low fre¬ 
quencies. Representative values are given in Table XV. 

(b) The Eff^t of the Weight of the Glass used in a Double Window. 
The weight of the glass used in a double window has two effects: 
(a) upon the frequency of the resonance due to air coupling, and (b) 
upon overall insulation of the window. With regard to the former, 
the formula given above shows that increasing the weight of the 
glass decreases the spacing at which the resonance at any particular 
frequency occurs. Thus if J in. glass weighing about 3 H Ib./sq. ft. 
is used, the window may be expected to resonate to 100 c.p.s. when 
the separation is about 1J in. This compares with the 4 in. spacing 
which would obtain were 21 oz. glass used. It follows that if space is 
limited, heavy glass is valuable in that it enables good low-fre¬ 
quency insulation to be achieved with a moderate separation between 
the components. As regards the effect of the weight upon the overall 
insulation of the window, it will be recalled that in the case of a 
single partition increase of weight increases its insulation. The same 
holds in a general way with a double partition, except that the effect 
is complicated by the resonance discussed above. However, as was 
shown when discussing partitions in Chapter X, increasing the 
weight of the components will increase the average insulation of a 
double partition, other factors remaining the same. (See items 1 and 
2, Table XVIII.) 

While dealing with the effect of weight, another question has to 
be discussed, viz. whether there is any advantage in glazing the 
components with glass of different weight. This recommendation 
has often been made and has some theoretical backing, for equal 
areas of glass having the same thickness will individually have equal 
resonance frequencies. (The resonances referred to are those of each 
sheet by itself, not those arising from the air coupling.)* Hence, if 
sound of a frequency equal to one of these resonances falls upon one 
component of the window it would be expected to be readily trans¬ 
mitted by both components. By using glass of differing weights this 
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TABLE XVIII 

Sound-INSULATION of Double Windows 




Average Sound-reduction for Frequencies 



(cycles per second) 


Construction of Window 

Weight 
(ib./sq. ft.) 

200 

and 

300 

500, 700, 
and 
1,000 

1,600 

and 

2,000 

200, 300 
500, 700, 
1,000,1,600 
and 2,000 

1. Double window consisting of 
two sheets of 21 oz. glass 






sealed Into aperture in brick 






wall. All gaps sealed. Sepa¬ 
ration between sheets as 






follows— 






8 in. 

26 

40 

52 

66 

53 

7 in. . 


36 

47 

62 

48 

6 In. 


36 

50 

67 

61 

5 in. 


35 

49 

64 

49 

3 in. 


28 

52 

64 

49 

2 in. 


23 

49 

64 

46 

1 in. 


20 

42 

65 

42 

f in. . . 


18 

41 

64 

41 

i in. . 


22 

36 

56 

38 

1 in. 


23 

32 

52 

35 

i in. 


24 

27 

50 

33 

2. Double window consisting of 






two sheets of 1 in. glass 
sealed into aperture in brick 






wall. All gaps sealed. Sepa¬ 
ration between sheets, 51 in. 


43 

57 

70 

56 

3. Double window consisting of 






two inetai frames attached 
to a common ^ood frame 
and containing opening 






hinged windows. Separa¬ 
tion betw’ccn frames, 61 in.; 
one glazed with 1 in. glass 






and the other with 26 oz. 






glass. Opening w indows 

closed but not sealed. Inte¬ 






rior surfaces of w indow lined 
with absorbent tiles . 

21 

42 

47 

62 

50 


effect could be avoided. The point has been tested by Krueger and 
Sager, who also tested the effect of subdividing one of the com¬ 
ponents and found that while alterations in spacing have a consider¬ 
able effect no significant effect is observable from either method of 
rendering the components dissimilar. 

It must be concluded that there is no practical point in using 
dissimilar glazing, at least for the separations which Kreuger used. 
A possible explanation lies in the fact that as shown by one of the 
authors,* the resonances of a glass sheet are very sharp. For, since 
no two sheets can be exactly alike, their resonance frequencies will 
not be exactly the same; hence, owing to their sharpness, they 
may not overlap sufficiently to have an appreciable effect. A general 
theory of sound-transmission through double partitions (including, 
of course, double windows) has been worked outf and is briefly 
summarized in Chapter X. 

* J. E. R. Constable; Proc . Phya . Soc ,, Vol. 48, p. 914, 1936. 

f J. £. K. Constable : Philosophical Magazine, Vol. 26, p. 253, 1938. 
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(c) The Eflect of the Sound-absorbent Character of the Wall Space 
between the Components of a Doable Window. The effect of the 
sound-absorbent character of the space between the two components 
of a double partition was discussed in Chapter X, and it will be 
recalled that the results were quoted there of experiments made with 
a light double metal partition having leaves weighing about 21 oz./ 
sq. ft. This partition should be very approximately the same as one 
constructed from two sheets of 21 oz. glass, owing to the workings 
of the mass relation, and also to the fact that glass and metal are 
so alike in being good reflectors of sound. The results obtained 
should, in fact, be equally applicable to double windows. 

Double windows are often constructed with bare brick or plaster 
on the walls between the two components. The results quoted above 



Fio. 101. Increa-sino the Sound-insulation of Double Windows 
BY Sound-ABSORBENT Treatment 


show that the sound-insulation of such windows can be considerably 
increased by the simple expedient of covering the jambs, cill, and 
lintel between the components with a sound-absorbent material. 
(See Fig. 101.) The effect increases with the absorbing power of the 
material used. In the case of the double partition referred to above 
the distance between the components was about 8 in., and an in¬ 
crease in the average insulation of about 8 db. was obtained by cover¬ 
ing the masonry surfaces with an absorbent felt having an average 
absorption coefficient of 0-6. It will be agreed that for the expense 
involved such an improvement is well worth having. The treatment 
can present quite a good appearance if the felt is covered with dis¬ 
tempered muslin which is afterwards pinpricked. The felt could 
also be covered with x^^rforated metal or asbestos cement sheeting 
instead of muslin. If a jierfectly hygienic and fairly weatherproof 
surface is required for the absorbent used in this jxisition, a panel- 
type absorbent might be used. (See Chapter V.) Another absorbent 
possessing several obvious advantages is curtain material. If provi¬ 
sion is made for hanging curtains between the components of a double 
window, the curtains when drawn back (preferably into recesses in 
the jambs to avoid obstruction of light) will provide a useful amount 
of absorption without the expense of special absorbent lining. 

(d) The Effect of mechanical Linkage between the Components 
of a Doable Window. A question that is often asked is whether it 
is necessary to have the two components of a double window in 
separate frames. Many windows, intended to be soundproof, have 





SOUND-INSULATING WINDOWS 


181 


double glazing in the same frame. An answer to this question is 
supplied in part by the fact that, as explained earlier, a considerable 
separation is required between the components, and this would be 
impracticable in a single frame. A further consideration arises from 
the effect of gaps around the edges of a casement window, as 
discussed in the next section. 



Fia. 102. Skction of Double Window Consisting of Two 
Components in Separate Frames 
(Vitrea Drawn Sheet Olaet Co. Ltd.) 


The point has been tested by both Kreuger and P. E. Sabine.* 
Kreuger measured the sound-insulation of a quartered window 
glazed with double panes of J in. glass, the separation between the 
panes being | in. For comparison he measur^ the insulation of a 
window glazed with a single sheet of J in. glass. P. E. Sabine com¬ 
pared the insulation of a window glazed with a single sheet of ^ in. 
glass with that of a similar window double glazed with the same 
thickness glass. The latter was 2 db. better than the former, a differ¬ 
ence which can be accounted for by the increase in weight. In both 
eases the insulation should have been noticeably better than a single 
♦ P. E. Sabine : American Architect, 28th July, 1920. 
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sheet if only air coupling were operating. (See Fig. 90.) It must 
be concluded that mechanical coupling is in these cases of over¬ 
whelming importance: this point is discussed in Chapter X. 

It must be deduced that double glazing in the same frame is of no 
value. The explanation is that the weight 
and stiffness of the average window frame are 
comparable to that of its glazing. Hence 
when the glass vibrates under the influence 
of the incident sound, the frame moves with 
it and so drives the second sheet of glass. 
The two sheets are, in fact, subjected to 
strong mechanical coupling at their edges. 

When a double window consists of two 
separate frames fixed in an aperture in a brick 
wall, the weight and stiffness of the wall are 
very much greater than that of the class. 
The glass does not drive the wall to an 
appreciable extent, and there is consequently 
little mechanical linkage between the edges 
of the windows. This is proved by the ex¬ 
periments, quoted earlier,* in which the 
effect of spacing was tested. If there had 
been a considerable coupling due to the brick 
wall in which the specimens were mounted, 
the effect of spacing would have been 
masked. 

It thus comes about that a double window consisting of two com¬ 
ponents in separate frames can have an insulation comparable to 



Fio. 104. A More Elaborate Design of Sound-insulating 
Window 

The window has two steel-frame casements and two sliding sheets of plate glass. 
__ (.CrittaU Manyfaduring Co, Lid.) _ 

* J. £. R. Constable: Philoaophical Magazine^ Vol. 18, p. 321, 1934. 



Fig. 103. Double 
Window Designed to 
Provide Sound-insula¬ 
tion together with 
Ventilation 
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that of the wall in which it is built. A section through a window 
built on these lines and taken from Dr. Hei)burn’8 book Glass as a 
Structural Material is shown in Fig. 102. 

(e) The Effect of Closure. The effect of closure has already been 



Fig. 105. A More Elaborate Design of Sound-insulating 
Window 

Thw shows the general appearance of the \Unilnw illustrated in Fig. 104. 

(Vrittall Manfifacturing Co. JAd.) 

discussed when dealing with single windows. It has a special signi¬ 
ficance in connexion with double windows, since these have greater 
insulation and hence are more sensitive to a leakage round the edges. 
The possibility of a defective closure is an additional argument 
against double glazing in the same frame, since if this is adopted 
there will be only one gap for sound to leak through. If the glazing 
is in separate frames, sound must pass through two gaps one after 
the other. The overall leakage via the gaps is then much less (par¬ 
ticularly if the wall surface between the frames is rendered sound- 
absorbent), and the glazing is then being used efficiently. Reiher 

7~-IT.95) 
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and Sippell* have in fact shown that while a double window, using 
separate frames, is rendered less insulating by poor closure, it is still 
a better insulator than a single window, even if the latter is tightly 
closed. For the greatest insulation, however, an airtight closure is 
required: in the case of opening windows this could be achieved by 
lining the rebates. If the windows are to be permanently closed, or, 
rather, will not be required to be opened for ventilation, an airtight 

construction is comparatively easily 
obtained. It is as well to arrange that 
the windows can be occasionally 
opened so that the inside surfaces 
may be cleaned, for no closure will 
be so perfectly airtight that “breath¬ 
ing” will not occur. Occasional 
opening can easily be allowed for, 
for instance by htting the glass into 
frames which bed on to a rebate faced 
with felt or sponge rubber, the frames 
being held in place by removable 
screws. Windows inside buildings in 
which an efficient air-filtering plant 
is in constant operation would pre¬ 
sumably not accumulate so much 
dirt on their inner faces, and it might 
be possible to dispense with facilities 
for opening, particularly if the double 
window is provided with a small 
breather fitted with an air filter, as 
was done in the National Broadcast¬ 
ing Company’s studios in New York. 

(/) The ]raect of Opening. This 
point, again, has already been dis¬ 
cussed when dealing with single 
windows. It may be mentioned that the remarks regarding direction 
of opening have been taken account of in a double window tested 
by the National Physical Laboratory. This is shown in section in 
Fig. 103. Such a construction provides quite good insulation, together 
with some ventilation. Test results show that when the windows are 
open as shown the insulation obtainable is about 25 db. on the 
average, i.e. about the equivalent of a tightly closed single window. 
A development of this design is shown in Figs. 104 and 105. Yet 
another type is shown in Fig. 106. 

(g) Provision of Ventilation. Ifonly one or two rooms in a building 
are to be soundproofed, and if the degree of soundproofing necessi¬ 
tates the installation of double windows which are to remain 


Sound- 

absorbent 



Drainage 

Hole 


Fio. 106. Another Dbsion of 

SOUND-INSULATIKO WINDOW 


* H. Rbiheb: Oeaundheitsingenieur, Vol. 2, p. 12, 1932; K. T. Sippell: 
ibid., 55/45, p. 535, 1932. 
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permanently closed, the expense of installing a central internal 
ventilating system to provide the necessary ventilation for these 
rooms only may well be deemed prohibitive. Individual or unit 
ventilation for these rooms then deserves consideration. (See 
Chapter VIII.) One proprietary unit ventilator equipped with an 
air filter is shown in Fig. 81 . No figures are available for the sound- 
insulating effect of this construction, but it will be noted that some 
attention has been paid to this point. 



CHAPTER XII 

SOUND-INSULATING DOORS 

This chapter is mainly concerned with the prevention of sound- 
transmission through doors, but a section devoted to means of re¬ 
ducing the noise made by doors themselves in opening and closing 
is also included. 

The noise made by door-slamming is one of the most disturbing 
which occur in buildings. Quiet-operating doors are specially impor¬ 
tant in residential buildings, but are also much appreciated in busi¬ 
ness premises. The remarks made below are based upon common 
observation and the comments which have been made from time to 
time in the literature of noise-reduction.* 

The noise heard when a door is closed depends on the type of 
door, its furniture, and the way in which it is closed. Noise may 
arise from impact between the door and the frame and from the 
functioning of the latch mechanism, the noise due to the latter being 
amplified to some extent by reason of the door acting as a sounding 
board. In the case of sliding doors there is another possible source 
of noise, namely the track mechanism. 

(a) Noise due to Impact of Door upon the Frame. A simple method 
of preventing noise due to impact between the door and its frame 
is to use one of the many check actions available which (and this 
appears to be important) control the motion of the door over a con¬ 
siderable distance before it closes. When properly adjusted, these 
devices considerably diminish the speed of the door over the last few 
inches of its travel, the latch being operated by the spring rather 
than by the momentum of the door. Cheaper devices such as rubber 
buffers, which only begin to operate when the door is nearly closed, 
are probably not so good, since they cannot retard the door suffi¬ 
ciently gradually to prevent noise occuring. An additional defect of 
these buffers is that they are liable to prevent the latch from engag¬ 
ing, and as a result the single noise due to the slam of the door may 
be exchanged for an irritating stTies of clicks as currents of air 
repeatedly bring the latch of the nearly closed door up against the 
striking plate. 

The problem of reducing the noise due to door-slamming is par¬ 
ticularly important in the case of all-metal office partitions. It has 
been suggested that this noise could be reduced by fixing a continuous 
strip of rubber round the frame (see Fig. 107) and by applying an 
“anti-drum treatment to the door. This latter treatment takes the 
form either of a suitable non-resonant filling such as slag wool, glass 

* See, for example, Noine Abatement I.<eague leaflet No. 10, **The Silencing 
of Doors’*; K. W. Wagner ; Das Lwmjreie Wohnhaus; and others. 
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silk, sawdust, and glue, or of an “anti-drum” paint or felt applied 
to the inner faces of the metal sheets (as is done on automobile 
bodies). When choosing doors for a residential building, preference 
should be given to those which are likely to make least noise when 
slammed, particularly if anti-slam devices are not desired. Lack of 
actual measurements on slamming noise made by different types of 


Steel Frame 

k 



Fia. 107. Steel Door-frame with Rubber Tubing Designed to 
Reduce the Noise of Door-slamming 
T he steel door has **anti-drum" treatment applied to the interior. 


door is a handicap, but it seems likely that, weight for weight, solid 
doors should be less resonant than hollow doors and should therefore 
cause less noise when slammed. If hollow doors are to be used, the 
possibility of using a non-resonant filling should be considered. It 
may not be out of place to suggest that in cheaper buildings, where 
check actions cannot be provided, hooks or door stops which will 
keep the doors from slamming in the wind should be provided. 

(6) Noise Arising from the l^tch Mechanic Very little attention 
appears to have been paid to designing silent latches. Improvements 
have been made in individual cases by altering the angles of the 
latch and striking-plate. The value of periodic oiling is, of course, 
obvious. Noise arising from inside the lock has been dealt with by 
suitably disposed rubber buffers or spring-controlled latch bolts 
(Fig. 108). Mortise locks are said to be less noisy than rim locks, 
particularly if they are fitted to a solidly constructed door. Spring 
ball catches are inherently noisy, and are, presumably, best avoided. 

A particular type of latch which appears to be always noisy and 
for which treatment is difficult is the panic bolt. It sometimes 
happens that the only means of access to a particular part of a build¬ 
ing is through doors which must be fitted with panic bolts. In this 
case a supplementary quiet-acting entrance door may be provided. 

(c) Noise due to Other Door Mechanism. Sliding-door gear is 
often noisy, but quietening devices such as fibre wheels or tubular 
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slides may be used. A rubber track which has been used for the 
bottom runners of a sliding door is shown in Fig. 109. 

In the case of garage or other large doors, sliding doors can be very 
noisy in operation, since the door acts as a kind of sounding board, 



Fio. 110. BAI.ANCED Door suitable for Garage or Other Large 
Doors where Quiet Operation is Desirable 
(Bdair Doon Ltd.) 

amplif3dng the noise produced by the wheels or other door gear. 
Balanced doors, one make of which is shown in Fig. 110, can, how¬ 
ever, be comparatively noiseless, the only sound being that of the 
motion of the cable carrying the counterweight over the pulley. 
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SOTJND-mSULATINa DOOR CONSTRUCTIONS 

No sound-insulation scheme is complete without sound-insulating 
doors, though the number required depends upon the skill with 
which the building has been planned. In residential buildings the 
doors of noisy rooms such as kitchens, laundries, and machine-rooms 
should be sound-insulating. The entrance doors to individual flats 
or suites of rooms should also be reasonably soundproof. In offices, 
rooms opening off a noisy corridor or dividing an executive’s room 
from a typing office should be soundproof. Each building will present 
its own problem, and it is for the architect to decide where sound¬ 
proof doors will be most needed. 

Doors often form a weak link in an otherwise well-conceived 
design, but soundproof doors are not easy to provide. As was ex¬ 
plained in Chapter IX, good sound-insulation can be obtained by a 
solid construction if sufficiently heavy, or a complex construction 
if sufficiently thick. As weight and thickness are normally both 
restricted in the case of doors, it follows on this account that the 
insulation obtainable from one door alone is limited by practical 
considerations. At the Acoustics Laboratory, National Physical 
Laboratory, where extreme silence is required, one room is fitted with 
solid steel doors weighing between 2 and 3 tons. Doors of this type 
are not practicable for other than specialized buildings of this tyi)e. 

Closure also sets a limit to the insulation obtainable, as was ex¬ 
plained when dealing with windows in Chapter XI. Normally there 
is a gap between a door and its frame, particularly at the bottom. 
Calculation and measurement show that the transmission (see 
Chapter XV) of the normal gap limits the insulation obtainable from 
any door to between 20 and 25 db. unless special devices for sealing 
the gap are used. This aspect of sound-insulating door construction 
will be returned to later. In the discussion given in the following 
few pages of the insulation afforded by different constructions, a 
perfect sound-tight seal is assumed. 

When dealing with doors, three grades of sound-insulation may 
be recognized— 

1. 25-30 db., which is afforded by ordinary doors for which no 
special sound-insulating properties are claimed. 

2. 30-35 db., afforded by some commercially available doors which 
though not specially sound-insulating are nevertheless appreciably 
better than ordinary doors. 

3. 35 db. upward, afforded by purpose-made doors of special 
design which are intended for use when a high degree of sound- 
insulation is required. 

The first class consists of panelled doors or ordinary flusli plywood¬ 
faced doors; the second consists of heavy solid doors and complex 
doors; the third of very heavy doors or thick complex doors. 
Unless a sound-tight seal is to be provided, there is no point in 
using doors other than of the first class. 
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In residential buildings, doors of the first class will probably be 
used in most rooms, doors of the second class being used as entrance 
doors to flats or suites and possibly to service rooms. In offices, doors 
of the first class will probably be used in most positions, doors of the 
second class being provided to rooms containing noisy machines 
and to offices in which quiet is specially desired. Doors of the third 
class are relatively rarely required. Probably their chief application 
is found in industrial buildings, e.g. in noise-test rooms, for shutting 
in noisy machinery, or in radio studios. 

The acoustical considerations which govern the design of solid 
and complex doors are discussed below. 

(a) Solid Doors. Solid doors of uniform thickness are the simplest 
to discuss from the acoustical point of view. As in the corresponding 
case of single homogeneous partitions, their insulation is determined 
almost entirely by their weight, and it can be predicted with suffi¬ 
cient accuracy from the curves given in Figs. 83 and 84, or from 
Table XIX. 

The following table gives the approximate insulation in decibels 
thus predicted for solid doors of uniform thickness. 

TABLE XIX 

Sound-INSULATION of Solid Doors 


Weight 

Approximate Sound-reduction 

b./sq. ft.) 

Factor (db.) averaged for 


Frequencies of 200-2,000 c.p.s. 

1 

.25 

2 

.30 

1 

. 35 

10 

.40 

20 

.45 


It will be seen that a solid door weighing 5 Ib./sq. ft. (correspond¬ 
ing to a total weight of about 1 cwt. for a door of average size) gives 
an insulation of only 35 db. This is still 15 db. less than the insula¬ 
tion provided by a 4^ in. brick wall, and such a door would be a 
weak point if used in anything except a light wall. To be as insu¬ 
lating as a 4^ in. wall a solid door would need to have the same 
weight per square foot as the wall, and would weigh about half a ton. 

It may be pointed out that the sound-insulation of the common 
panelled door is likely to be leas than that of a solid uniformly thick 
one of the same weight, since the effective insulation is determined 
largely by that of the lightest part, namely the panels. 

(6) Complex Doors. Many t^^pes of complex door, including those 
commercially available, have been tested in Professor Kreuger's 
laboratory in Sweden. The results published by Kreuger and 
Sager* are given in Tables XX and XXa which give the insulation 
obtainable from a number of constructions. 

* Kreuoer and Saoer: Proc, Roy, Swedish Inst. Eng, Res,^ No. 132, 1934 
(in Swedish). See also an abbreviated translation by J. E. R. Constable 
and K. M. Constable: Building^ March 1937. 
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TABLK XX— [contd.) 

SoUNI>-lNSl LATION OK COMPLKX DoORS (TeST SiZE 5 FT. BV 
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These results show the relative efficacy of the different construc¬ 
tions tested, but the numerical values of the insulation relate with 
accuracy only to the particular conditions of test obtaining. System¬ 
atic variations of a few decibels are usually found between the 
insulation of apparently similar constructions when tested in different 
laboratories. The general principles described in Chapters X and 
XI governing the insulation of complex partitions show up again, 
as might be expected, in the case of complex door constructions. 

It will be seen from Table XVI, dealing with partitions, that 
a door consisting of two flexible layers separated by an air space 
can combine reasonable thickness (2 in.) with an insulation which 
is somewhat greater (by up to 10 db.) than that of an equally thick 
(though considerably heavier) solid door. Of all common building 
materials, wallboard is probably from the acoustical point of view 
most suitable for forming the flexible layer, particularly since it 
also has sound-absorbent properties. If untreated, the surface 
may have practical disadvantages, though possibly a flexible hard- 
wearing covering such as linoleum or oilcloth might overcome 
this criticism. 

It should be noted that the advantage in using a complex door is 
mainly confined to medium and high frequencies; indeed, at low 
frequencies there may be an actual loss of up to 5 db. 

Complex doors may also be used for obtaining high sound-insu¬ 
lations, but will be either thick or heavy. Some of the most success¬ 
ful doors tested by Kreuger and Sager gave average insulations of 
more than 40 db. For example, four layers of ^ in. fibreboard 
spaced about J in. from each other provided a door weighing only 
a few pounds per square foot, and yet having an insulation of 
40 db. Five layers provided an insulation of over 45 db. Sheet iron 
doors gave similar insulation without being unduly thick (about 
1J in.). These were constructed from sheets having a thickness of 
about 0-05 in., and had an absorbent filling of either kapok or 
fibreboard. Their weight was of the order of 5-7 Ib./sq. ft. The 
value of using sheet iron probably arises from the fact that the 
two faces of the door are heavy (which increases the insulation of 
the individual leaves) and flexible (which decreases the mechanical 
coupling between the leaves.) 

Pain of Doors. The use of special door designs can often be avoided 
and more.satisfactory insulation obtained if two or more doors are 
used instead of one. The system has the advantage that it mini¬ 
mizes the effect of leakage due to defective closure of the doors. The 
doors should be as far apart as possible. (The space between, if large 
enough, can form an anteroom or ‘‘sound lock.**) 

The interspace should be rendered sound-absorbent by suitable 
treatment of the walls and ceiling with an acoustic felt or even with 
a wallboard. If the doors have to be near together, it may be advis¬ 
able to cover their inner surfaces with a sound-absorbent material 
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in order to get sufficient absorption in the interspace. (See Fig. 
111.) This treatment is analogous to the use of sound-absorbent 
in double windows. Its effect has been measured by Berg and 
Holtsmark in the case of two doors, the one panelled and the other 
a flush door.* The doors were about 18 in. apart and individually 
had sound-reduction factors of about 20 db.; the insulation of 
the combination was about 25 db. before special absorbent treat¬ 
ment was installed; erecting absorbent material in the interspace 



Fig. 111. SouND-ABSoKBENT APPLIED TO 1 ntf:rior Surfaces of 
Double Doors, al.so to Jambs and Soffit 

increa.sed the insulation to about 35 db., representing a worth-while 
gain. As there is no mention of spi^cial sealing arrangements, the 
above measurements presumably refer to doors as ordinarily hung, 
with the usual gaps at each edge. 

METHODS OF ENSURING A SOUND-TIOHT CLOSURE 

As mentioned above, the gaps which ordinarily exist round 
the edge of a door limit the insulation obtainable to 20-25 db. If 
the best is to be obtained from the special door constructions dis¬ 
cussed above, special means for ensuring a sound-tight closure are 
necessary. 

There are two general methods of obtaining a sound-t^ht closure. 
The most frequently used relies upon making the closure as nearly 

* R. Berg and J. Holtbmark : Det Kongelige Norake Videnskabera Selakab, 
Forhandlinger, Vol. 8, No. 35. 
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as possible airtight. There is an alternative, however; though its 
value has not, apparently, been determined experimentally. This 
second method makes the gaps as small as is practicably possible, 
but instead of trying to make them airtight it aims at reducing their 
transmittance by lining the interior surfaces with sound-absorbent. 
Examples of both methods are given below. 

1. Use of an Approximately Airtight Closure. To obtain an 
approximately airtight closure, the rebates of the frame or the edges 
of the door must be faced with a soft material (such as sponge rubber, 
rubber tubing, or felt) which is slightly compressed when the door is 
closed. A design based on this principle is described by Knudsen* 


l^ood. Half Round 
/ 



Fia. 112. A Method of Obtaining an Airtight Seal 


which is said to be suitable for large doors such as those used in 
sound-recording film studios. Large mechanical locks force the door 
tightly against a rubber-lined jamb, the construction of which is 
shown in Fig. 112. Three wood half-rounds, nailed to the edge of 
the door, are forced against the soft-rubber strips embedded in the 
jamb. If the door lie forced against the jamb with a pressure of about 
30 lb. per running foot, the insulation of the seal is said to be about 
40 db. The same principle has been used in the sound-insulating 
doors of the National Broadcasting Corporation’s radio studios, 
shown in Fig. 113. Here a specially contoured door edge presses 
against two rubber gaskets. (An automatic felt plunger is provided 
to seal the bottom edge of the door.) The latches are provided 
with a wedge action to enable the door to be drawn tightly 
against the sealing strip. In the case of a large door or where 
sound-insulation is specially important, it may be advisable to fit 
more than one latch to avoid possible warping of the door and to 
make sure that the door is pulled down on to the sealing material 
all round its edges. Difficulties may arise at the hinge edge of the 
door, since the movement of the door is small in this region; the 
use of a soft sealing material should assist in preventing leakage 
at this point. A crane” hinge as used on strong-room doors 
overcomes the difficulty. 

* V. O. Knudsen; ArchiUciuraX Acoustics^ p. 577. 
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Obtaining an airtight seal along the bottom edge of the door also 
presents difficulties. Further, this is usually the most important 
section to treat, since the gap is nearly always wider and less deep 

at the bottom, where there is no rebate. 



Fio. 114. Raised Door-cill 
Faced with Seal of 
Compressible Material 


To give an example of measurements 
made in a building of the effect of block¬ 
ing only the gap at the bottom of a door, 
Douglas and Himsworth found that the 
insulation of 50 db. between a room 
containing a door and a position outside 
the door was increased by 4 db. on block¬ 
ing the gap below the door.* If there is 
no objection to a low cill, the treatment 
can be the same as along the other edge 
of the door. (See Fig. 114.) If, for 


example, as in an industrial te.st room, trucks are to be taken into 



Fig. ll’i. Two Different Types of Ramp Faced with Felt or 

Rubber 



Fio. 116. Draught-excluding Devices attached to Bottom 
OF Door 


the room, temporary ramps can then be provided to help them 
over the cill. The alternatives are— 

(a) To use a low ramp, as shown in Fig. 115, the bottom edge of 

* A. H. Douglas and F. R. Himsworth: the Structural Engineer, March 
1938. 




Fio. 117. An Automatic Felt Plunger which Acts as a Draught- 
AND Sound-EXCLUDER beneath a Door 
{Toft-NitUen dt VaU6, Copenhagen) 
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the door (which is shaped to fit the ramp) being faced with a soft 
material such as felt or sponge rubber with a view to obtaining an 
approximately airtight seal. 

(6) To attach a draught-excluding device to the bottom of the 
door. Two types are shown in Fig. 116. These have been advocated 
for factory use, but may mark the floor. That shown in Fig. 117 
has applications in domestic work. The device lifts automatically 
when the door opens. 



Fio. 118. Use of SorND-ABsoitBEST to Kkdi ok the 
Tr.\nsmis.sion of Sorvi) throi oh Gaps - Dooh with 
Mi'ltiple Kelt-c overed Rebates 

2 . Use of Sound-absorbent to Reduce Transmission of Gaps. 

Where it is not possible to provide a wedge-action latch and a rebate 
against which a tight closure can be made, the alternative of render¬ 
ing the interior of the gaps sound-absorbent can be used, though 
this may not be so effective as an airtight closure. One possible 
design, which should prove fairly effective, is shown in Fig. 118; 
the feature of this is the provision of multiple felt-covered rebates 
with a view to making the sound path as long as possible. The 
felt should be as thick as is practicable. No doubt there will be other 
designs, ba.sed upon this principle, which will suggc.st themselves to 
the reader. 

Gaps due to imperfect closure are not the only means by which 
leakage can reduce the effective sound-insulation of doors. Other 
small holes such as keyholes can seriously reduce the insulation of 
otherwise well-insulating doors (classes 2 and 3 above) but are not 
of importance in doors of ordinary insulation (class 1). For example, 
a simple calculation of the transmittance of a door of area 20 sq^. ft. 
and sound-reduction factor 45 db. shows that the sound-reduction 
factor is reduced to 40 db. by a keyhole measuring 0-9 in: by 0*2 in. 
Attention to points such as well-fitting keyhole covers is worth 
while when designing doors which will be required to give a high 
degree of insulation. 
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General. Soundproof doors obviously lose their effect if left open: 
an automatic closing device should overcome this difficulty, how¬ 
ever. Another method of dealing with the problem is met with in 
the revolving doors commonly fitted in the entrances to hotels and 
shops. These doors give ready admittance, but if properly designed 
never allow the full intensity of the street noise to enter the buil^ng. 
It is possible that they could be used for a similar purpose in other 
|)osition8, e.g. between a factory and offices. 



CHAPTER XIII 

SOUND-mSHLATlNO FLOORS 


Probably the earliest measurements were those made by Chrisler 
and Snyder at the Bureau of Standards in America. Since then, 
several other investigators have taken up the task in Scandinavia, 
Germany, Austria, Switzerland, and England, to name only a few 
countries.* In England the work has been largely carried out by the 
National Physical Laboratory working in collaboration with the 
Building Research Station. 

More is required of a sound-insulating floor than of a sound-insu¬ 
lating wall. In addition to insulating against airborne sound such as 
that of conversation, music, etc., a floor must also insulate against 
impact sound, such as that due to footsteps. The latter is usually 
the more difficult requirement to fulfil. 

Insulation provided by Floors against Airborne Sound. It may be 
taken that the insulation provided by solid floors against airborne 
sound is normally that which would l>e expc^cted from their weight 
as discussed in Chapter X. 

Measurements made at the Bureau of Standardsf indicate that 
the average insulation of a wood-joist floor is about the same as that 
of an equally heavy solid partition, e.g. in the case of a floor having 
a lath and plaster ceiling, about the same as that of a plastered 2 in. 
clinker concrete partition. Measurement of the effect of small 
apertures in partitions suggests that if the construction were air¬ 
tight the insulation would be rather greater. Laying felt below the 
floorboards or covering the floor closely with linoleum are among the 
simpler ways of achieving this. It should be noted, incidentally, 
that the weight of the plaster is usually a good proportion of the 
total weight of the floor, and hence that a floor having an unplastered 
wallboarcl ceiling is likely to be less insulating than one having a 
heavy plastered ceiling. 

It will be seen that the insulation provided against airborne sound 
by untreated floors, particularly wooden ones, is not usually of a 
high order. However, as will appear in the next section, a floor 
usually requires treatment to prevent noise due to impacts, and it 
is found that treatment used for this purpose in most cases also 
increases the insulation against airborne sound. For example, 

♦ V. L. CHRisusii AND W. F. Snyder: Journ, Ite«. Nat. Bur. Standards^ 
Vol. 14, p. 749, 1935; K. W. Wagner: Zeits. fur Techn. Phyaik^ 16, 12, 
p. 544, 1935; G. Hofbauer: Uesundhfita In, Vol. 42, p. 562, 1934; R. R. 
Bero, F. Berner, £. Harbob and J. Holtsmark: Byggekunpt, 7, 1934. 
H. Kreuoer and J. H. Sager: Proc. Bay. Swetdiah Inst. Eng. Rea. No. 132, 
1934; A. Oabteij:.: Akuiiache ZeiU., Vol. 1, p. 24, 1936; F. M. Osswald: 
loum. Aeouai. Soe. Amer., Vol. 7, p. 261, 1936. 

t See V. L. Chrisler and W. F. Snyder, lac. cit. 
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adding a floating wood-raft floor to a wood-joist floor increases 
the average airborne sound-insulation by nearly 10 db.; adding 
a similar floating floor to a conerete floor increases the insula¬ 
tion by about 6 db.* Provided, therefore, that a floor is reasonably 
satisfactory as regards footstep noise and is free from cracks or gaps, 
it is unlikely that trouble will be experienced on account of defective 
airborne sound-insulation. When floors are required to be specially 
good in this latter respect they should be designed in accordance 
with the principles set out in Chapters IX and X. An example of 
a floor in which high airborne sound-insulation was aimed at is the 
construction used in the National Broadcasting Corporation’s 
studios in New York. (See Fig. 142.) 

Insulation provided by Floors against Impact Sounds. It is com¬ 
monly agreed that whereas, in the case of partitions, insulation 
against airborne sound is particularly required, in the case of floors, 
insulation against impact sound such as that due to footsteps, 
is more important. 

Generally, the impact insulation of floors is tested by subjecting 
the upper surface of the test floor to a series of blows which represent 
footsteps and measuring the noise produced below. In Great Britain 
the insulation provided by a floor is given by the extent (expressed 
in phonsf) to which it is quieter than some floor chosen as standard. 
In some laboratories this procedure is slightly varied by expressing 
the insulation of a floor as the amount by which the noise below it, 
when it is beaten with the standard blows, is quieter than some 
standard noise such as the noise of beating a sheet of plywood. 
It will be seen, however, that this is scarcely different in prin¬ 
ciple from the British method. Another method is used by the 
Bureau of Standards, where the insulation of a floor is expressed 
as the difference between the noise levels above and below the 
floor when it is subjected to standard blows. In this book the 
British method of expressing the insulating effect of a floor con¬ 
struction is used, the improvement (in phons) in noise conditions 
below a standard structural floor when the treatment referred 
to is used upon it being spoken of as the insulation gain of the 
treatment. The methods of measurement adopted by the different 
laboratories vary so much that it is extremely difficult to correlate 
their results numerically. Accordingly in this chapter, for the 
sake of simplicity, only figures obtained by the National Physical 


* Chrisusr and Snydku; Journ, Res, Nat. Bur. Standards, Vol. 2, p. 541, 
1929: see also Krbuokr and Sagbf, loc. cit. 

t It will be noted that phons are the nnits in which impact insulation is 
measured, and not decibels, as is the case where insulation against airborne 
sound is I'cforred to. The difrei*enoo anses because insulation against airborne 
sound is measured using comparatively pure notes, whereas insulation a^nst 
impacts involves measurement of a noise consisting of an undefined mixture 
of notes. 
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Laboratory are used, the results of other laboratories being used 
only to obtain qualitative conclusions. 

Impact-insulation measurements do not seem to be capable of 
the accuracy that can be obtained when measuring airborne sound- 
insulation, and they suffice only to group floors into classes. Gener¬ 
ally speaking, it appears that unless the difference between the 
impact-insulating values of two floors is 5 phons or more they may 
be taken, for practical purposes, to be equally effective. 

All untreated solid concrete and hollow-tile floors which have been 
tested up to the present appear to be about equally noisy when 
subjected to impacts, whatever their weight, thickness, or construc¬ 
tion. This is an important result upon which there is fairly general 
agreement. 

Methods of Increasing Insulation against Impact Sounds. The 

methods which have been shown to be successful for increasing the 
insulation of floors against impact sounds are as follows— 

1. Adding one or more layers insulated from the structural floor, 
e.g. laying an insulated floating floor on the structural floor or fixing 
an independent ceiling below it. 

2. Putting a soft covering on the floor, e.g. a heavy pile carpet on 
underfelt, or rubber with a sponge-rubber backing. This treatment 
is not so effective as treatments mentioned under (1) and is best 
regarded as supplementary to them. 

3. In the case of wood-joist floors, filling the space between the 
joists with a loose material (pugging). This treatment gives only 
moderate improvement, but is useful when employed in conjunction 
with others. 

The above treatments, which will be discussed below in detail, 
may be used alone or in combination, and their effects appear to 
be approximately additive. 

LAYERS INSULATED FROM THE STRUCTURAL FLOOR 

If a floor could be constructed of two totally unconnected layers, 
the problem of preventing footstep noise would be solved. Unfor¬ 
tunately, however, mechanical and acoustical connexion is inevitable 
and research has had to devote itself to minimizing the effect of 
these connexions as far as is consistent with other requirements 
such as economy or strength. Two types of treatment have been 
evolved: the floating floor, in which an auxiliary floor is supported 
on insulating material above the structural floor; and the indepen¬ 
dent or insulated ceiling, which is fixed below the structural floor. 
The first of these is probably the most effective single treatment 
available for reducing transmission of impact noise. The two treat¬ 
ments can, of course, be used in combination where high insulation 
is required. 

It is not easy to enumerate the principles which should be used 
when designing floors of this type, for the problem has not yet been 
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investigated systematically and fully. The following points appear 
to have been established— 

1. The insulation is likely to be greater the more resilient the 
insulating material used to support the auxiliary layer, though there 
is a limit to this imposed by the stiffness of the air interspace. (See 
below.) 

2. The smaller the area of insulating material, the greater is the 
insulation likely to be; although a limit to the extent to which the 
area can be reduced is set by the strength of the material. 

3. Loading a floating floor merely by standing weights upon it 
has very little effect upon the insulation. 

4. Increasing the thickness of a floating floor increases the insula¬ 
tion. (This may at first sight appear to contradict (3), but probably 
the improvement is due to the 
resulting increase of stiffness 
of the floating floor rather than 
of its weight.)* 

5. Decrease of the air space 
between the two layers re¬ 
duces the insulation. 

The last mentioned is ah 
interesting effect described by Davis and Knowlcr,t and it bears 
some analogy to the effect of varying the air space in a double 
partition. (See Oiapter X.) As in that case, the elasticity of the 
air in the interspace is important, and there comes a stage, as 
the thickness of the air space is decreased, at which the stiffness of 
the air becomes greater than that of the insulating material upon 
which the floating floor is supported. Thereafter, as the space 
decreases, the insulation also decreases. In the case of the concrete 
floor studied there w^as a marked increase of insulation (about 
13 phons) as the air space was increased from 4 in. to 2 in. The 
separation between floating and structural floors should accordingly 
be made as great as possible. 

Practical Examples of Floating-floor Treatments. A number of 
floating-floor treatments are in common use, and the insulation 
gain to be expected from some of them is given in Table XXI 
(page 216). The treatment consists, generally, of a concrete slab or 
wooden raft floor laid upon an insulating blanket or upon pads of 
insulating material. Concrete and wood floating floors are suitable 
for use upon solid- and hollow-tile structural floors; strength con¬ 
siderations normally prohibit anything other than a wood floating 
floor being used upon a wood structural floor. 

Wood Floating Floors, Wood floating floors (usually made of 

* A. H. Davis and C. J. Morreau : The Reduction of Noise in Buildings 
(Building Hosearch Station Special Report, No. 26). 

t A. H. Davis and A. E. Knowder; Philosophical Magazine, Vol. 23, 
p. 164, 1937. 
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SOLID CONCRETE OR HOLLOW TILE 

Fig. 119. Wood Floating Floor 
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Fio. 121. iNSUiiATBD Floor Clip 
(Adamite Co. Ltd.) 
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Fig. 122. A Specially Designed Wood Floating Floor 
(//. M’. CHllum and Co , Ltd ) 



Fig. 123. Wood Floating Floor on Uncovered Joists 


2" Concrete Reinforcement 



Concrete or Hollow Tile Floor 


Fig. 124. Concrete Floating Floor 
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floorboards upon battens) are normally supported upon a layer of 
insulating material such as eel-grass blanket (Cabot quilt), felt, or 
fibreglass quilt (Figs. 119 and 120). Insulation gains of 16-20 
phons are obtainable by this means, an improvement which, if 
supplemented by the effect of a carpet on underfelt, should give 
satisfactory living conditions beneath the floor. Another method of 
insulating the wood floor from the structural floor is to hold it with 
insulated floor clips, several types of which are on the market. These 
clips are constructed on the lines of ordinary floor clips, except that 
the top and bottom halves are separated by insulating material such 
as asbestos fabric or rubber. One such is illustrated in Fig. 121. One 
proprietary wood floating floor uses rubber insulating blocks (Fig. 
122) and is loaded with tiles held beneath the floorboards. 

As mentioned above, wood raft floors are equally suitable for use 
with wood-joist structural floors and solid floors. When they are 
used on wood-joist floors, the joists can either be covered with 
floorboards (which may be useful if the floating floor is to stand 
upon insulating pads) or can be left uncovered (see Fig. 123). A 
wood floating floor has a practical advantage which appears to be 
more difficult to secure in the case of concrete floating floors, namely 
that service pipes can be run beneath it. Needless to say, wood 
floating floors should not be fixed by nails or screws passing through 
the insulating material. They are normally held in place by the 
skirting, from which they should be insulated. 

CoTicrete Floating Floors, A concrete floating floor has several 
practical advantages, and is preferable in some cases to a wooden 
floating floor. It can be insulated either with an insulating blanket 
or with blocks of rubber or similar material. In the former case the 
insulating blanket is laid on the structural floor, and the concrete 
which is to form the floating floor can then be poured directly on to 
it. Care must, of course, be taken that no gaps are left between 
adjoining strips of blanket, otherwise the concrete may penetrate 
to the structural floor below. Covering the blanket with a layer of 
waterproof building paper is an additional precaution which can be 
taken in this connexion. Typical insulating blankets which can 
be used are fibreglass quilt, eel-grass blanket (Cabot quilt), and slag- 
wool blanket. Materials such as cork granules, steel wool, kapok, 
or coco-fibre can also be used. These materials are spread over the 
structural floor, covered with bituminized paper, and concrete is 
then poured on. (See Fig. 124.) Insulations up to 25 phons are 
obtainable from the above constructions. (See Table XXI.) 

A concrete floating floor insulated with rubber blocks has been 
found very effective, insulations of up to 25 phons being readily 
obtainable. The Building Research Station (England) Has evolved 
a special method of constructing such floors. (See Fig. 126.) Paper 
is laid over the structural floor and banded screwed pipe sockets are 
distributed over it. The concrete which is to form the floating floor 
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is poured on, to the level of the top of the pipe sockets. When the 
concrete has hardened, wooden blocks are dropped into a limited 
number of sockets, and steel plugs screwed in above them so that the 
floating floor is gradually lifted. When it has been raised to rather 
more than the required height, rubber pads are dropped into the 
remainder of the sockets and steel plugs are screwed in. These plugs 
are screwed down into contact with the rubber and the plugs above 
the wooden blocks are then removed; finally the wooden blocks are 
replaced by rubber pads and their plugs are replaced. The heads 
of the plugs can afterwards be covered to give the floor a uniform 



Fio. 126. Concrete Floating Floor on Special Floor Clips 


level. One advantage of this floor is that the rubber pads can be 
replaced if necessary. 

As an alternative, permanent shuttering may be placed on the 
rubber pads and concrete poured on to this. Care is then necessary 
to prevent the wet concrete from penetrating joints in the shuttering 
and thus perhaps forming a solid bridging between floating and 
structural floors. Another type of floating floor, insulated upon felt- 
lined chairs, which was installed in the National Broadcasting 
Company’s studios in New York is shown in Fig. 142. A similar 
type of floor was used in the Berlin Rundfunkhaus and has been 
described by v. Braunmuhl.* The insulation in this floor was 
supplied partly by metallic springs. (See Fig. 125.) 

Floating Floors — General, A floating floor necessarily raises the 
floor level, and measures must accordingly be taken to preserve the 
levels either by carrying the treatment over all the floor of the build¬ 
ing or else by raising the level of the untreated floors. Particular 
attention must also be paid to the skirtings, since ordinary skirtings 
would short-circuit the insulation of the floating floor. A successful 
treatment is to provide a strip of felt between the floating floor and 
the bottom edge of the skirting board (Fig. 126). 

Concrete floating floors, besides possessing value for insulating 
against footstep noises. And an application when it is necessary to 
insulate a number of light machines, e.g. in a school or laboratory 
workshop. The floating floor obviates the necessity for the individual 
insulation of each machine and, on account of its considerable inertia, 
provides a steadier base than would be obtained by individually 

♦ H. J. VON BraunmOhl: Zeita.fur Techn. Physik, Vol. 16, p. 671, 1936. 
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insulated machine bases. Incidentally, it should be mentioned that 
floating floors are, of necessity, somewliat springy. This is a feature 
which is not necessarily unpopular in residential quarters, but should 
be guarded against where steadiness is necessary, e.g. in a laboratory, 
bidependent or Suspended Ceilings. Another method of increasing 
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\Floating Floor 





Banded Screwed Pipe Sockeh \ 

Solid Concrete or Hollow Tile Floor 
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Adjustable Air Space ^Fluq Screwed 

^ , to Rubber Cube 

r/y/A 

Wood Skirting Fixed to Wall 



Rubber Cube 
Concrete or Hollow THe 

Fio. 126. Details of the Buildiho Research Station's Concrete 
Floating Floor 


the insulation provided by a floor is to fix below it an independent 
or an insulated ceiling. The former probably finds its greatest use in 
conjunction with woc^-joist floors, since in this case the ceiling joists 
can be spaced between the floor joists (Fig. 127) to minimize the loss 
of headroom. In special circumstances, however, an independent 
ceiling can be used in conjunction with solid floors (Fig. 128); 
improvements in insulation of 15 phons or so can be obtained. 

If the head-room is limited, a suspended ceiling can be used though 
it is unlikely to be as effective as an independent ceiling, unless 
it is extremely well insulated from the floor. An example of an 
effective construction is shown in Fig. 129 (a), in which the 
suspended ceiling (consisting of lath and plaster on battens) is held 
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by floor clips set in the under side of the floor, felt being interposed 
between the clips and the battens. The insulation is not perfect, 
as nails must be driven through the clip into the batten; but it 
appears to have value. An alternative is to use acoustic floor clips 



Fig. 127. Independent Ceiling Below Wood Joist Floor 

which are constructed so that there is no metallic connexion between 
the top and bottom halves. (See Fig. 129 (b).) Other devices will 
no doubt suggest themselves to the reader. 

An insulated suspended ceiling which was designed to provide 
especially good insulation for the National Broadcasting Company’s 



Fig. 128. Independent Ceiling below Concrete or Hollow 
Tile Floor 

studios in New York is illustrated in Fig. 143, A similar type of 
suspended ceiling was described by v. Braunmiihl. 

Insulated or suspended ceilings have two disadvantages which 
should be pointed out: one is the loss of head-room, referred to 
above. The other is that, unlike floating-floor treatments, they only 
affect the sound coming through the ceiling and do not affect any 
noise coming from the side walls of the room. (See Fig. 130.) 

The treatment has an undoubted utility, however, in that it can 
be used in conjunction with a floating floor to obtain specially good 
insulation. It finds another important application in existing build¬ 
ings where alterations of floor level are impracticable. 

USE OF FLOOR COVERINOS 

Soft floor coverings such as carpets owe their impact-insulating 
value presumably to their elasticity, owing to which the sharpness 
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of impact of a footfall is lessened. Soft coverings tend to remove 
the high-frequency components in the impact sound,* changing the 
sound from a sharp “tap” to a low “boom.” 

No measurements appear to have been made upon very thick pile 



Fio. 129. Insulated Suspended Ceilings 

(а) Using ordinary floor clips. 

(б) Using special acoustic floor clips. 


carpets, and it is possible that these may have considerable value; 
ordinary Axminster carpet (about Jin. thick) on underfelt (Jin. 
thick), however, effects an improvement of only between 5 and 10 



Untreated Floor treated Floor treated 

Floor t^/th independent »v/M floating floor 

or suspended ceding 


Fig. 130. Illustkating that an Independent or Suspended 
Ceiling Affects Sound coming through the Floor Only, 
while a Floating Floor Heduces the Sound coming through 
THE Floor and via the Side Walls 

phons, which though useful when added to the effect of some other 
treatment is not sufficient by itself to render an average untreated 
floor acceptable. Floor coverings incorporating sponge rubber 
provide greater insulation than this. These should be specially 
useful in corridors or other places where they are not required to 
support heavy furniture. Ordinary linoleum appears to have very 
little value. Soft floor coverings have, of course, the additional value 
of reducing the noise of footfalls, etc., in the room containing the 
source of noise. 

* A. Gastell: Akuatiache Zeita,, Vol. 1, p. 24, 1936. 
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USE OF FILLINOS IN WOOD-JOIST FLOORS 

The use of fillings in wood-joist floors is quite old, though it was 
not, of course, used as a sound-insulating measure. Ashes, rubble, 
and clay, to mention only a few materials, have been used for this 
purpose: cases have been reported in which the floors of ancient 
buildings have been found to be filled with sea-shells. 

The effect of fillings upon impact-insulation has been studied by 
Kreuger and Sager and by the National Physical Laboratory. 
It appears that filling the space between the joists of a wood joist 
floor (pugging, see Fig. 131) has some advantage, increasing appar- 
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Fig. 131. Filling between the Joists of a Wood Joist Floor 

ently with the weight of the filling. Light fillings, e.g. of peat or 
cork dust, have very little value, while heavy fillings of shingle (up 
to 40 Ib./sq. ft.) effect a considerable improvement. Even so, the 
resulting floor appears to be no better than an equally heavy solid 
floor. Filling the space between the battens of a wood floating floor 
does not appear to be of any advantage. 

The improvements obtainable from fillings are, as in the case of 
floor coverings, unlikely by themselves to make an average floor 
acceptable. However, the improvements obtainable from floor 
coverings, fillings, floating floors, and insulated ceilings appear to 
be approximately additive, so that securing satisfactory insulation 
is a matter of selecting the most convenient combination of treat¬ 
ments for the purpose. 
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TABLE XXI 

Insxtlation of Floobs against Impact Sounds 
(a) Insulation againat impact sounds afforded by various treatments applied 
to al in. hollow tile and concrete floor. 


Insulation 

Description of Treatment Gain 

(phons) 


Concrete Floating Floors 
2 in. concrete resting on 1 in. rubber cubes on the structural 
floor (no skirtings). Rubber cubes on 18 in. centres^ loaded to 
about 50 lb. per cube. 

1. Spacing between floating and structural floors : 2 in. 25 


Floor having skirtings as follows — : J in. 

2. No skirting (no contact between floating floor and walls) 

3. Steel skirtings ........ 

4. Skirtings of 4 in. by 2 in. wood insulated from floor by J in. felt 

5. Skirtings of 4 in. by 2 in. wood, against floor 

6. Mortar bridging gap between floating floor and walls . 

3 in. concrete resting on 1 in. rubber cubes on the structural 
floor. Rubber cubes on 18 in. centres, loaded to about 75 lb.I 
sq. in. (no skirting). 

1. Spacing between floating cuid structural floors: f in. . 

2 in. concrete resting on underlays as follows — 

8. Glass-silk quilt, single layer (nominal } in.) 

9. Glass-silk quilt, double layer ...... 

10. Eel-grass quilt, single layer (J in.) ..... 

11. Eel-grass quilt, double layer ...... 

12. Slag-wool blanket, double layer (^ in.) 

13. Steel-wool pads, 1 in. thick (12 in. by 6 in. on 24 in. centres) 

14. Granulated cork, 1 in. thick ...... 

16. Asbestos fabric (J in.) ....... 

16. Clinker (2 in. coarse), on underfelt . ... 

17. Clinker and granulated cork (mixed) .... 

18. Clinker (2 in. coarse) ....... 

19. Underfelt (^ in.)’ ........ 

Wood-RAFT Floating Floors Dead load 

1 in. by 6in. boards on 2 in. by 2 in. battens on 18 in. ?^y8*(fb7 
centres, on underlays as follows — sq. fn.) 

20. No underlay, battens in clips .... — 

21. Glass-silk blanket, ^ in. thick, single layer . ^ 

22. „ „ „ double layer J 

23. „ „ „ double strips, 6 ft. 

by 6 in. . | 

24. Slag-wool blanket, ( in. thick, single layer | 

25. „ „ „ double layer J 

26. Eel-grass quilt, } in. thick, single layer | 

27. „ „ „ double layer . J 

28. Wallboard (^ in.) of wood shavings bound with 

cement, strips 6 ft. by 6 in. . . } 

29. Rubber pcMls, 1 in. cube.20 

30. Fibreboard pads, 1} in. by 1} in. by | in. thick. 15-30 

31. Felt pads, 2 in. by 1} in. by 1 in. thick 10 

32. Asbestos fabric pads, 2 in. by 1| in. by | in. thick 10 

33. Clinker (3 in.).— 


Dead load 
on under¬ 
lays (lb./ 
sq. in.) 


— 

0-6 


10 

! 

16 

i 

16 


10 

i 

10 
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10 
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10 

i 

, 0-5 

20 

15 

16-30 
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10 

10 

5 

— 

0-5 










SOUND-INSULATING FLOORS 
TABLE XXI—(con^rf.) 


217 


Insulation 

Description of Treatment Gain 

_(phons) 


Isolated Ceilings 

7 in, by 2 in. Joists resting on 4 in, by 3 in, wall plates, sup¬ 
ported on corbels on side walls, 

34. { in. plaster on f in. plaster board, plates direct on corbels, 

gap at edges bridged with plaster ..... 

35. 1 in. plaster on } in. fibreboard, plates direct on corbels, gap 

at edges bridged with plaster. (Placing rubber pads on 
the corbels and stopping the ceiling short of the walls 
does not in these cases improve the insulation gain.) 

Suspended Ceilings 

36. i in. plaster on ^ in. iibreboard on 2 in. by 2 in. battens held 

in felt-lined clips. ....... 

37. Ditto, edges bridged with plaster ..... 

38. 1 in. plaster on 1 in. fibreboard on battens held in uninsulated 

clips .......... 

39. f in. plaster on f in. plaster board on battens held in felt-lined 

clips ......... 

(Increasing the weight of No. 38 from 7 Ib./sq. ft. to 16 lb./ 
sq. ft. by adding alternate layers of plaster and plaster 
board increased the insulation by nearly 5 phons.) 

Soft Floor Coverings 

40. Sheet rubber (^ in.) on J in. sponge rubber 

41. Rubber cork (J in. hard) on ^ in. soft rubber cork 

42. Rubber-felt blocks (li ill.) ...... 

43. Axminster carpet (^ in.) on underfelt (i in.) 

44. Hard rubber cork (J in.) . 

46. Sheet rubber (J in.) ....... 

46. Axminster carpet (^ in.) . 

47. Lino ( 1 * 5 - in.) on in. cork ...... 

48. Douglas fir blocks (1^ in.) ...... 

49. Lino (J in.) ......... 

60. Lino (I in.) backed with roofing felt. . . . . 

61. Additional concrete (3 in.) ...... 


15 


16 


10 

5 

5 

10 


20 

10 

10 

10 

10 

5 

5 

5 

5 

5 

5 
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(6) Insulation against impact sounds afforded by various treatments of a wood- 


joist floor of 9 in. by 2 in. joists on 17 in. centres, lath and plaster 
ceiling, and 5 in. by | in. floorboards. All floors covered with linoleum. 


52. Wood-joist floor with space between joists filled with slag 

wool up to within 1 in. of floorboards .... 3 

63. Ashes filling space between floorboards and plywood trays 

attached to the joists SJ in. below floorboards . 6 

54. As (53), but with thickness of ashes reduced to 2^ in.. 5 

55. Wood-joist floor, but floorboards replaced by raft floor (of 

6 in. by } in. floorboards on 2 in. by 2 in. battens on 17 in. 
centres) resting on eel-grass blcuikets laid across the joists 5 

56. As (55), but with glass-silk blanket instead of eel grass . 10 

67. As (64), but with floorboards replaced by raft floor resting 

on sheet of i in. fibreboard laid across the joists 5 

58. As (54), but with the floorboards replaced by raft floor 

resting on 2 in. by 1|^ in. by } in. fibreboard pads nailed to 

the joists at 3 ft. centres . . . . . 5 

59. As (54), but with addition of raft floor resting on eel-grass 

blanket laid on the floorboards ..... 10 

60. As (59), but with glass-silk blanket instead of eel grcus» 15 










CHAPTER XIV 


CONDUCTION OF SOUND THROUGH THE BUILDING 
FABRIC 

Transmission of sound through the building fabric has only recently 
been the subject of experimental investigation. It is, of course, 
well known that noise generated in one part of a building (particu¬ 
larly by hammering) can often be heard over an extended area. 
The origin of such sources of noise is often difficult to locate, as for 
example when hammering which appears to be in an adjacent 
room is actually found to be some distance away. 

Some measurements upon the transmission of sound through 
building materials have been made by Meyer,* who experimented 
with isolated specimens of the materials concerned in the form of 
bars. His results show that in the four building materials steel, 
brick, concrete, and wood, the sound attenuation increases in 
that order, being least in steel and greatest in wood. 

Probably the first measurements upon sound-transmission through 
the building fabric were made by Berg and Holtsmark in Norway, f 
who, leaving a loudspeaker operating in one room in a building, 
measured the sound in all the other rooms. The results they obtained 
showed that while the difference between the sound levels in the 
loudspeaker room and the room adjacent to it was about 35 db. (the 
sound-reduction to be expected from the particular partition used), 
the difference of intensities between others of the same row of rooms 
was very much less (only 3-4 db.). This showed that .sound does not 
reach a distant room only by a process of being transmitted through 
the successive intervening partitions (otherwise it would have 
dropped 35 db. in intensity as each room was passed). Berg and 
Holtsmark accepted this as evidence that the sound reached distant 
rooms by another path, viz. by the structure of the building. Sound 
is, of course, in these circumstances audible in the structure when an 
ear is pressed against it. From these measurements they deduced 
that this structure-borne sound decayed in intensity by about 
i db./ft. in the particular building they studied (18in. brick walls; 
4 in. reinforced concrete floors). A similar attenuation has been 
observed in a reinforced concrete building. { 

A. Gastell in Germany has measured the attenuation in the 
structure of buildings of noise due to impacts.! He concluded 
that reinforced concrete and steel-framed buildings transmit 

♦ Vereinea Deutsche. Ing., Vol. 78, p. 957, 1934. 

t R. Beuio and J. Holtsmark: Royal Norwegian Sci. Soc., Broc. No. 22, 
Vol. 6, 1933. 

J J. E. R. Constable: Proc. Phys. Soc., Vol. 60, p. 368, 1938. 

§ A. Gastell: Akaatische Zeita., Vol. 1, p. 24, 1936. 
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such sounds more readily than do buildings of brick. He 
also tested a steel-framed building in which, by wrapping the steel 
girders with 5 mm. cork, contact with the brick panels had been 
prevented. (See Fig. 132.) He found the attenuation of impact 
sounds was considerably improved by this treatment and was, in 
fact, about as great as in a brick building. The attenuation of noise 
due to impacts on the structure of a brick building has also been 
measured by Knowler* who found that the loudness in different 
rooms decayed at the rate of 0*3 phon 
per foot distance of the room from the 
source of impact. This figure was 
obtained for a sharp impact: for a dull 
blow, causing a lower-pitched noise, the 
corresponding figure was about 0*5 phon 
per foot. Factors such as the extent of 
window area in the various walls cause 
variations in the above figures. The 
general indications are that many factors 
besides the material used combine to 
determine the degree to which sound is 
attenuated during its passage through 
the building structure and that the 
general statements regarding the effect 
of any one type of construction must 
await a more extensive series of 
measurements. 

Hofbauerand Bruckmayerf in Austria 
have experimented with the special 
patent wall construction shown in Fig. 

133. This method of building walls 
(termed “Novadom”) dispenses with 
mortar but appears to rely upon frictional forces for its stability. The 
bricks in any one course are laid touching each other, but without any 
cement; between each course and its neighbour is a layer of a wood¬ 
wool and cement material (of the “Thermacoust” or “Heraklith'* 
type.) There is said to be so much friction between bricks and the 
wood-wool slabs that a building constructed in this way is perfectly 
stable, and it is understood that a number of buildings in Austria have 
been built using “Novadom.” It is to be expected that walls of this 
type would have acoustical advantages, since the layers of binding 
material would probably not transmit vibration so easily as does solid 
material, and the air spaces between the bricks should provide some 
insulation against sound travelling in a horizontal direction. The 
measurements published by the inventors of this construction gave 

♦ A. E. Knowlbb, Phil, Mag., Ser. 7, Vol. 31, March, 1941. 

t G. Hofbauer and F. Bruckmayer: Aktistiache Zeits., Vol. 2, p. 249, 
1937. 



Fio. 132. Girders of Steel¬ 
framed Building Wrapped 
WITH Cork to Prevent 
Sound -TRANSMISSION 
between Girders and 
Brick Panels 
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an attenuation of about 10 db./ft., which is very much greater than 
the corresponding figure for ordinary brickwork. 

At present it appears that if transmission through the structure 
is to be reduced, this end is more likely to be achieved by interposing 
definite discontinuities in the structure than by using special mater¬ 
ials. Examples of the application of the “principle of discontinuity” 
are given in Chapter XV. 

Insulation of Buildings against External Vibration. There does 
not seem to be much information available regarding the insula¬ 
tion of a building as a whole against vibration originating outside 



Fio. 133. **Novadom,*' a Method of Dry-wallino in which the 
Horizontal Courses or Woodwool-cement Blocks Reduce 
THE Transmission of Structure-borne Sound 

the building. Theoretically, the principle of providing a low- 
frequency support, which is applied in the case of machinery, should 
also be applicable to insulating buildings. A good many buildings 
have been built upon elastic material which has been used under 
the foundations, or more often under the stanchions only. Cork has 
been used occasionally; so also have bituminous materials and 
asbestos. No test results appear to have been published, however. 

As explained in Chapter VI, it is difficult to provide insulation at 
very low frequencies. This is particularly unfortunate where one is 
aiming at preventing traffic vibration from reaching a building, 
since traffic generates considerable low-frequency vibration. A 
method which has been tried in such cases is to abandon any attempt 
at insulating the building, but instead to erect the building on a 
concrete raft with the object of increasing its inertia. Shell House 
in Berlin was reported to have used this method, apparently with 
success, the concrete raft having a minimum thickness of 3 ft., an air 
space being left between the retaining walls and the main structure. 
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Several reports have appeared to the eflEect that cutting a trench 
in the ground between the source of disturbance and the building 
has proved effective in reducing the transmission of vibration. 
Other experiments, however, appear to have shown that, while the 
trenching cuts off the earth waves which are propagated through 
the earth layer intersected by the trench, other waves pass round 
the trench, and the net effect of the trench is generally small. It 
seems probable that where trenching has proved successful, the 
trench must have cut through a layer of earth having specially good 
conducting properties. 

While it is possible that some degree of protection can be obtained 
by the methods described above, the better plan seems to be to 
avoid the trouble, if possible, by placing the building a sufficient 
distance from the source of vibration. In this connexion it is said 
that rock and chalk transmit vibration readily, particularly high 
frequencies; clay and sand transmit chiefly low frequencies, par¬ 
ticularly if wet. It is commonly held that firm, dry gravel is the best 
building soil for minimizing the effects of vibration. 



CHAPTER XV 


GENERAL CONSIDEBATIONS IN THE DESIGN OF A 
SOXTND-INSXTLATED ROOM 

In the previous chapters we have considered the factors which influ¬ 
ence the sound-transmitting properties of the various features, 
taken singly, which make up the modern building. As, in practice, 
sound enters a room simultaneously through a number of paths— 
walls, doors, windows, ventilators, etc.—it is the purpose of the 
present chapter to describe methods of assessing the contribution 
which sound transmitted by individual paths makes to the total 
sound energy in a room. The paths will, so to speak, be viewed 
collectively, and principles will be described which should be taken 
into consideration when a sound-insulated room is being designed. 

One general and obvious principle is that in an economical design 
the amount of sound conducted into a room by the various paths 
should be about the same. There is, in fact, no point in making 
certain parts of the room structure highly insulating if other parts 
insulate but moderately. 

A sound-insulated room may be required in any of a wide variety 
of positions. The term is rather vague, and may mean anything 
from a ‘‘soundproof” test chamber to rooms in an hotel or block of 
flats in which attention has been paid to obtaining reasonably quiet 
conditions. 

CALCULATION OF INSULATION PROVIDED BY A 
COMPLETE ROOM 

The method of calculating the sound-insulation of a complete 
room varies in its details, but the general treatment is— 

1. Calculation of effective insulation against transmission by direct 
paths, e.g. directly through a partition or floor. 

2. Calculation of the allowance to be made for the absorbent 
conditions of the rooms concerned. 

3. Estimation of the allowance to be made for transmission by 
indirect paths, e.g. through the building fabric. 

These three aspects are dealt with in this order below. 

1. Insulation against Transmission by Direct Paths. For the 

purpose of calculating the effective insulation against transmission 
by direct paths a very convenient formula obtained by Jaeger* in 
1911 is required. This formula is also of very great usq in many 
other connexions. It states that if the density of acoustical energy, 
i.e. the energy in unit volume, in a room is E, then the rate e at 

* S. Jaeger; Sitzungaher, Akad. Wiaa. Wian^ 11a, Vol. 120, p. 613, 1911. 
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which energy falls upon any area 8 in the room is given by the 
expression— 

e =/SJ&F/4 energy units per second . • (1) 

where V is the velocity of sound. As only relative figures are required 
for our purposes (absolute values being unimportant), this formula 
can be used in a simplified form, namely— 

Energy falling upon area 8 per second = K8E , . (2) 

where iC is a constant, the precise value of which is immaterial. 
E, being the energy density, may be taken as a measure of the 
intensity of the sound in the room. 

As an example of the use of this formula, the extent to which the 
insulation provided by a door is spoilt by an imperfect closure will 
be calculated. Consider a door having an area of 20 sq. ft. and a 
sound-reduction factor of 20 db. If there is gap ^ in. wide between 
the door and its frame and the perimeter of the door is 24 ft., the 
gap will have an area of ^ sq. ft. The sound-reduction factor of this 
gap will be taken as 0 db., though, as described in Chapter XI, it 
may differ somewhat from this value. The acoustical energy falling 
upon the door and gap is, by Jaeger’s formula, proportional to their 
respective areas. Thus 100 times as much sound falls upon the door 
as upon the gap. However, since the arithmetical sound-reduction 
factor of the door is 100 (20 db.) while that of the gap is 1 (0 db.), 
it follows that the door and the gap transmit equal amounts of 
sound. Put in another way, twice as much sound is transmitted 
through the combination of door and gap as if the closure had been 
perfect. The effective sound-reduction factor of the door is therefore 
only 50 (17 db.). 

Transmittance. It will be noticed that in the above calculation 
the factor which determines the transmitting powers of the door 
or of any other structure is the ratio— 

Area 

Arithmetical sound-reduction factor 

i.e. Area X Fraction of incident sound-energy transmitted. 

This ratio is termed the transmittance, and is an -extremely useful 
conception which can be applied to all sorts of partitions, windows, 
ventilating ducts, etc. It should be noted that the arithmetical 
sound-reduction factor, not the sound-reduction in decibels, 
is used in this formula. In the above calculation the transmit¬ 
tance of the door and the gap both equal J sq. ft. Transmittance is 
measured in square feet if the area of the transmitting element is 
given in square feet. The figure given for the transmittance may 
be regarded as the area of an aperture which would have the same 
sound-transmitting power. It will be noticed that it bears a very 
close analogy to the “square feet of open window” used to express 
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the sound-absorbing power of materials when calculating rever¬ 
beration periods. 

The conception of transmittance is of great value when calculating 
the insulation of a composite partition (e.g. a wall containing doors 
and windows). Jaeger’s formula shows that, as in the example of 
door and gap cited above, the transmittance of such a partition is 
equal to the sum of the transmittances of the elements of which it is 
composed. As an example, consider a wall of area 200 sq. ft. and 
sound-reduction factor 100,000 (50 db.) containing two windows 
each of area 20 sq. ft. and sound-reduction factor 1,000 (30 db.) 
and one door of area 20 sq. ft. and sound-reduction factor 400 (26 
db.). We will assume that the door and window closures are perfect. 
Then the transmittances of the elements are— 


Wall (area 140 sq. ft.): 


100,000 


= 0-0014 sq. ft. 


Two windows (area 40 sq. ft.): ^ = 0-040 sq. ft. 

1,UU0 


One door (area 20 sq. ft.): = 0-050 sq. ft. 


The total transmittance is therefore 0-0914 sq. ft. 

We may now calculate the “effective sound-reduction factor*^ 
of the composite partition— 

Transmittance _ 200 
Area 0-0914 

= about 2,000 (== 33 db.) 

Thus the soimd-reduction factor of the wall is reduced by 17 db. 
by building the windows and door into it. 

A calculation of this type is very simple to carry out* and can be 
extended to include other building elements such as ventilation 
gratings or ducts. For example, in a calculation of the transmittance 
between a pair of neighbouring rooms there should be included a 
term for the transmittance of any duct which connects them. Thus 
if the arithmetical attenuation along the duct is JR (see Chapter 
VIII) and the area of opening into the room is 8, the transmittance 
may be taken at S/R, and should be added to the transmittance of 
the other items. 

2, Effect o! Absorption on Transmission of Sound between Two 
Booms. The effect which the sound-absorbent conditions of the room 
surfaces have upon the effective insulation provided by the structure 
has been recognized for a long while, and a formula from wfeioh the 

A table which simplifies the process still further was given by C. J. 
Mobbraxj in Engineering, 13th August, 1937. 
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magnitude of the effect can be calculated has been deduced. This 
formula has received some direct experimental verification* and 
is generally accepted. Its development is very simple, and as the 
calculation should help the reader to understand the principles 
involved, it will be set down here. 

Consider two rooms, 1 and 2 (Fig. 134) and let there be a source 
of sound (loudspeaker, noisy machinery, etc.) in room 1. Then 
Jaeger’s formula states that the energy falling per second upon 


Partition 



Fio. 134. The Effect of the Sound-absorption of the Surfaces 
OF Two Adjacent Rooms upon the Sound-transmission 
between them 


unit areas in rooms 1 and 2 is KE^ and KE 2 respectively,, 
where E^ and E 2 are the respective sound-energy densities in rooms 
1 and 2. 

JRoom 1. In room 1 the total sound energy falling per second upon 
the partition is, by Jaeger’s formula, KE^A {A being the area of the 
partition). The amount of energy transmitted through into room 2 
per second is therefore KE^AjR, where R is the sound-reduction 
factor. 

Room 2. Fixing our attention upon room 2, we see that when 
conditions have settled down (reached equilibrium, as a scientist 
would say) the amount of sound energy entering the room must be 
equal to the sum of the energy leaving it and the energy absorbed 
in it. By putting this statement into the precise language of mathe¬ 
matics a useful formula can be obtained, as follows— 

The energy leaving room 2 through the partition is KE 2 AIR (com¬ 
pare the similar expression obtained for room I). The energy ab¬ 
sorbed will be KE2 X (sum of products obtained by multiplying 

♦ P. E. Sabine : Journ, Acoust. Soc, Amer., Vol. 10, p. 102, 1938. 
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each individual area in a room by its absorption coefficient) = 
KE^ 2 > where = total absorption (see Chapter V). We can 
express this in the form of an equation— 

Energy entering _ KE^A 
room 2 R 

KE^ , jTjp A (energy leaving and 
~ i? ' 2 2 absorbed in room 2) (3) 

El = ^2 (1 A2RIA) 

which gives the relation between the sound intensities in the two 
rooms. The calculated amount by which the actual ratio of inten¬ 
sities in a pair of neighbouring rooms exceeds the sound-reduction 
factor of the partition between is shown in Table XXII for various 
partition areas and total absorption. It will be seen that for average 
furnished rooms (partition 200 sq. ft. and total absorption 200 units) 
the actual ratio of intensities is about the same as the sound- 
reduction factor. Formula (3) shows one fact which is at first 
surprising, namely that if the total absorption .^42 = 0, then E^ 
= E 2 ; i.e. the loudness of the sound is the same in both rooms, 
however effective the partition between them. A little thought 
will show that this is to be expected, since in a room which contains 
absolutely no absorbent, the sound builds up by repeated reflection 
until it is so intense that as much is transmitted back through 
the partition as is entering. 

TABLE XXII 

CALCUIiATBD AMOUNT BY WHICH THE RATIO OF INTENSITIES OF THE 
Sound in Two Adjoining Rooms Exceeds the Sound-reduction 
Factor of the Partition Dividing them 


Total Absorption in 
Receiving Room (sq. ft.) 

Area of Partition (sq. ft.) 

1 100 1 

200 

I 300 

400 


(db.) 

(<ib.) 

(db.) 

(db.) 

50 

- 3 

- 6 

- 8 

- 9 

100 

0 

- 3 

- 5 

- 6 

200 

+ 3 

0 

- 2 

- 3 

400 

+ 6 

+ 3 

•f 1 

0 

1,000 

+ 10 

+ 7 

+ 5 

+ 4 


The equation does not tell the whole story. It will be noted that 
it makes no mention of the absorption in room 1. That is because it 
deals only with the ratio of E^ to J? 2 » absolute values. 

If we go one stage farther and calculate the absolute values, it ap¬ 
pears, as indeed is obvious, that the intensity in the second room 
depends equally upon the absorption in both rooms. 
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The lack of sufficient absorption in either room will lead to unneces¬ 
sarily noisy conditions in the supposedly quiet room. The conditions 
are particularly bad if both rooms lack absorbent. Consequently 
it is advisable to ensure that there is plenty of absorbent in both the 
noisy and the quiet rooms, either in the form of furnishings, curtains, 
etc., or any special treatment; if the amount of absorbent is limited, 
the toial available absorption should be divided equally between the 
two rooms. Practical considerations affecting the use of sound 
absorbents are given in Chapter V. 

3. Transmission by Indirect Paths. The contribution which sound 
transmitted by indirect paths makes to the general sound intensity 


Indirect Path 



3 

— 

. -"T— 

A 

Direct 
- Path 


1 _ 1 


Fig. 135. The Effect of Transmission by Indirect Paths upon 
THE InSI^LATION BETWEEN A PAIR OP RoOMS 

in a room is a point which has been studied only recently (see 
Chapter XIV); probably, as more results are obtained, more 
exact methods of allowing for this form of transmission will become 
available. 

(a) Transmission between Adjoining Rooms, Usually indirect 
transmission between two adjoining rooms takes place via the 
ffanking walls and floors; Fig. 135 should make the point clear. 
Direct transmission from the noisy room to the quiet room takes 
place because the intervening partition is set into vibration by the 
sound; indirect transmission occurs because the flanking walls and 
floors also are set into vibration, and this vibration can travel along 
them for quite considerable distances. 

The sound intensity in the room containing the source of noise is 
usually approximately uniform over the room, and consequently 
the acoustical pressures will be the same on all the walls and floors. 
The amplitudes of vibration of all the walls and floors of the noisy 
room (including the partition) will therefore, at least if they are solid, 
depend for all practical purposes solely upon their sound-reduction 
factors. This follows because, as explained in Chapter IX, the 
sound-reduction factor of a partition is determined by the amplitude 
of vibration it develops when subjected to sound having a given 








228 


FJEtlNCIPIiES AND PBACTICB OF SOUND-INSULATION 


intensity. Thus if, to take a simple example, they are all solid, their 
amplitudes will depend, practically speaking, only upon their weight, 
in accordance with the mass relation. This has b^n observed ex- 
perimentally.*^ As a practical example, if the walls and partition 
were all of 9 in. brick, they would all have the same amplitude of 
vibration. If, however, the partition were of 3 in. breeze blocks, 
its intensity of vibration would be some 10 db. more than that of 
the flanking walls. 

The extent to which the vibration generated in the flanking walls 
and floors is conducted along to neighbouring rooms depends upon 
circumstances. Probably all the facts are not yet known, but the 
following statements have experimental backing— 

1. Vibration is conducted less easily along walls on the ground 
floor than along walls on other floors. 

2. Very little vibration is conducted along concrete floors laid 
directly on the ground. 

3. -^though in the noisy room the vibration of the walls and floors 
is determined largely by their weight, the vibration transmitted 
through the structure to other rooms is influenced by other factors 
as well. It is found that the vibration in the flanking walls and floors 
in these rooms tends towards a common level at any given distance 
from the noisy room. The vibration of light flanking waHs falls, 
and maybe the vibration of heavy ones rises somewhat. Trans¬ 
mission along a light-weight flanking wall is not, therefore, so serious 
as might be expected; in fact, the evidence is that such a wall 
behaves much as if it had about the same weight as the heavier 
walls and floors to which it is attached. The word “heavier*’ used 
in the preceding sentence is important, and its significance will 
appear from the examples which are given later. 

The relative contributions made to the total sound intensity by 
vibration of the various walls and floor and ceiling of a room may be 
taken as proportional to the products of the areas of the walls and 
their respective average intensities of vibration. (The term “inten¬ 
sities of vibration” is used loosely here as meaning “mean square 
amplitude of vibration.”). It will be appreciated, therefore, that 
in a room in which, as is usually the case, the combined area of the 
flanking walls and floors is markedly greater than that of the parti¬ 
tion, it is easily possible for the sound transmitted directly through 
the partition to be much less than that transmitted by indirect 
paths. 

To illustrate the remarks made above, the effect of transmission 
by indirect paths in four commonly occurring cases will now be 
discussed. 

Case 1. In Fig. 136 (a) is shown a pair of neighbouring rooms, 
the partitions and flanking walls and floors all having about the same 
weight, e.g. 9 in. brick walls and 6 in. concrete floors. In these 
* ,J. E. R. Ck>NSTABLB: Proe. Phya, 8oc., Vol. 51, p. 53, 1939. 







Fio. 136. Transmission between Adjacent Rooms 
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circumstances the vibration of the walls and floors of room 1 (con¬ 
taining the source of noise) will all be about the same ; there being 
little attenuation along the flanking walls and floors, the vibration 
of the wall and floor surfaces in room 2 will also all be about the same. 
As, usually, the area of the partition will be small compared to that 
of the other surfaces, it can happen that the transmission by indirect 
paths is greater than that through the partition. Examples have in 
fact been observed experimentally in which the indirect transmission 
was six or seven times as great as the direct transmission.**' In such 
cases there would be no advantage in increasing the insulation pro¬ 
vided by the partition unless the other surfaces were treated at the 
same time ; for example all the surfaces could be faced with plastered 
plaster board fixed to insulated battens. 

It should be added that there is evidence that by increasing con¬ 
siderably the weight of the partition the transmission along the 
flanking walls and floors would be decreased as well as that directly 
through the partition, but this is probably a remedy which will not 
often be practicable. 

Cdse 2. A second case is illustrated in Fig. 136 (6), in which a 
light partition has been substituted for the heavy partition in Fig. 
136 (a). In this case the indirect transmission will be much the same 
as before, but the direct transmission through the partition can be 
considerably greater. In this case increasing the insulation provided 
by the partition can effect a useful improvement, but (see Case 1 
above) there would as a rule be no advantage in giving the partition 
a sound-reduction factor greater than that of individual flanking 
walls and floors. 

Case 3. In Fig. 136 (c) is shown a construction which differs from 
Fig. 136 (a) in that one of the heavy flanking walls has been replaced 
by a light wall which might, for example, be a corridor wall built 
of light partition blocks. In this case the flanking transmission will 
be very little different from what it was in Case 1, for the vibration 
of the light wall is restricted by its connexion with the heavy parti¬ 
tions and floors. The total transmission of sound between rooms 1 
and 2 will accordingly be about the same as in Case 1. 

Case 4. In Fig. 136 (d) is shown another case which often arises, 
namely a combination of a light flanking wall with a light partition. 
The experimental evidence shows that even in this case the indirect 
transmission is little different from what it would be in rooms con¬ 
structed as in Case 1. The direct transmission will, of course, be 
much larger, and it would be beneficial to increase the sound-reduc¬ 
tion factor of the partition up to about the same as that of the 
individual heavy flanking wall and floors. 

It seems from the above that as a rough general rule it may be 
taken that in average buildings there is no point in installing parti¬ 
tions having a sound-reduction factor greater than about 55 db.» 
♦ «r. £. R. Constable: Proc, Phya, Soc,, Vol. 51, p. 63, 1939. 




Fig. 137. Transmission between Distant Rooms 



Separation 


1. Studios—structurally separate. 

2. Soundproof lining disconnected with structure. 

3. Solid brickwork structurally disconnected, for fan chamber, etc. 

4. Dressing-rooms and offices structurally separate. 

5. Sliding doors soundproofed, 
e. Water tanks. 

7. Hall and property stores celling removed to show disconnexion. 
(Connell Ward dk Lucae ) 


9—(T.95) 
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since the main wall and floors will not generally be better than this. 
If, subsequently, methods such as are mentioned in Chapter XIV 
for reducing indirect transmission are used in buildings, then higher 
insulations will be practicable for partitions. 

As a result of indirect transmission it is to be expected that the 
insulation provided by a partition is likely to appear to be less in 
practice than it is when measured in the laboratory (where indirect 
transmission is prevented), the loss being greatest for partitions 
having the greatest insulation. As an example, it may be mentioned 
that, in one pair of rooms examined, the average insulation of a 9 in. 
brick wall was 46 db. as compared with laboratory flgures of 62 db.,*^ 
the loss being largely attributable to indirect transmission. 

(b) Transmission between Distant Rooms. Although indirect 
paths are important when adjoining rooms are considered, they 
play a major part in transmission to distant rooms. Were it not 
for transmission through the structure, the sound intensity in 
a series of rooms would decrease in steps of about the magnitude 
of the reduction factor of the partitions separating them. Actually 
this does not occur in practice, as the reader is probably aware. 
Measurements made upon a series of rooms,f as shown in Fig. 137. 
led to the results given in Table XXIII— 

TABLE XXIII 

Transmission to Distant Rooms through the Building Structure 


Room 

Approximate Distance from 
Centre of Room 1 
(ft.) 

Airborne Sound Intensity in Room 
(decibels above an arbitrary zero) 

1 


71 

2 

11 

32 

3 

22 

24 

4 

33 

18 

5 

44 

20 

6 

55 

18 


It will be noticed that after room 2 there is only a small drop in 
sound intensity as the distance from room 1 increases. This is clearly 
due to sound-transmission by indirect paths, since transmission 
along the corridors was proved to be negligible in this case, probably 
because of the “sound lock” provided by an anteroom. Other 
measurements (see Chapter XIV) have led to similar results. It will 
be seen from the above results that the sound intensity in the sixth 
room was not so very much less (14 db.) than that in the room next 
to the noisy room. 

• J. E. R. Constable: Proe. Phya Soc., Vol. 51, p. 63, 1939. 
t J. E. R. Constable : Proc. Phya, Soc,, Vol. 50, p. 368, 1938. 
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Frinoilile ot Discontinuity. The importance of using discontinuities 
in construction to reduce transmission by indirect paths is becoming 
increasingly realized. For example, in the film studios built at 
Shepperton (Great Britain) each studio was arranged to be struc¬ 
turally separated from its neighbour. The isometric sketch in Fig. 138 
illustrates this point. A similar device was used in Broadcasting 
House, the headquarters of the British Broadcasting Corporation, in 
which the studios are contained in a tower which is structurally 
separate from the remainder of the building. Another example is the 
Royal Society Mond Laboratory in Cambridge (Great Britain) 
which was, as shown in Fig. 139, provided with structural discon¬ 
tinuities in floors, walls, and roof to isolate one part of the building 
from the other. 

The above are examples of rather specialized constructions. An 
example of a more conventional building in which separation was 
provided is the Gilbey Building in London. The foundations of this 
building were insulated with cork, and to prevent the transmission 
of internal noises to offices, vertical cork joints carried to the full 
height of the building were provided which divided it into three 
separate units, two of which contain the services and the third the 
offices.* 

When it is desired to insulate a single room, e.g. a test room, from 
the building structure, a satisfactory design is to construct the room 
as a separate box and to support it upon elastic material propor¬ 
tioned so that the frequency of vibration of the room on its supports 
is as low as possible. It is advisable to make the room of as massive 
construction as possible, and, of course, care must be taken that the 
insulation is not spoiled by rigid connexions such as would be 
provided by electricity conduits or gas pipes. 

There is an example of this type of construction in the Acoustics 
Laboratory at the National Physical Laboratory, where the experi¬ 
mental rooms stand upon slabs of cork or, in some cases, numerous 
small pads of rubber. The loading used is round about 50 Ib./sq. in., 
and the natural frequency of each room upon its supports is believed 
to be between 20 and 30 c.p.s. In these rooms special provision 
has been made for lifting the rooms for the purpose of renewing 
the insulation, should this be necessary.f 

In one test room,J springs have been used instead of elastic mater¬ 
ials to insulate the room from the building structure. Fig. 140 shows 
the general arrangement, in which the room is suspended from a 
steel roof structure. The suspension is of the pendulum type, with 
rods at each corner attached to spring mountings on the roof struc¬ 
ture (see Fig. 141), and to special connexions at the base of the room. 
Ijateral vibrations of the room are limited by rubber buffers. The 

♦ Building^ July 1937. 

t N,P,L, Anntial Report, p. 69, 1932. 

{ K. D. McMahan: Oeneral Electric Review, Vol. 41, p. 623, 1938. 
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room, which is designed primarily for testing the noise of fans and 
other ventilating equipment, contains several interesting features 
of design. An average insulation of 80 db. is claimed against noises 
originating in adjoining rooms. 

A type of construction which is similar in principle to this has 
been used in the National Broadcasting Company’s studios in New 



Fig. 140. A Method of Insulating a Single Room 
(Aphonic room of the General Electric Co., New York.) 
(International General Electric Co. of New York Ltd.) 


York. All the internal surfaces of the rooms concerned are covered 
with a heavy layer insulated from the structure; the floor is covered 
with a floating floor, the ceiling with a suspended ceiling, and the 
walls with plasterwork supported on insulating material. The 
construction is shown in Figs. 142-144 (inset). 

A less elaborate type of construction has been described* suitable 
for test-rooms or studios which has the merits of ease of erection 
and removal. The rooms are composed of panels consisting of 
two sheets of steel cemented to two sheets of composition board with 

* Journ» Acoudtical Soc. of Amer., Vol. 15, No. 1, p. 80, 1943. 
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a rockwool blanket between, and are supported on industrial type 
rubber mountings. An insulation of 43 db. is claimed for this 
construction, while 57 db. is obtained if a second room completely 
encloses the first room (except that the floor of the second room 
consists of the floor of the building). 



Fig. 146a. Discontinuous Construction for Cavity-walled 
Dwelling Hottses 
{H.M. Stationery Office) 



SECTION SHOWING PLAN OF JUNCTION 

JUNCTION OF FIRST BETWEEN PARTY & 

FLOOR & PARTY WALL EXTERNAL WALLS 


PLAN OF suitable 
WINDOW JAMB detail 


Fig. 145b. Treatment of Party Wall and Discontinuity in 
Flanking Walls in Dwelling Houses 
{H.M, Stationery Office) 
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In the case of house and flat construction, the value of the principle 
of discontinuity has been emphasized in the Report of the Acoustics 
Committee of the Building Research Board of the Department of 
Scientific and Industrial Research published as No. 14 in the series 
“Post-War Building Studies.”* 



PLAN ISOMETRIC 

Fio. 145c. Insulated Box Design for Flats 
E ach room needing quiet forms a box which is insulated from the structure. 

{H.M. SUUionery OJBfice.) 

One construction, which has been experimentally tested, was 
found to yield an insulation of about 60 db. This was a simple and 
inexpensive design for houses in which each house constitutes a 
separate shell, the houses being cavity walled, both in the external 
and party walls (see Fig. 145a). The cavity in the external walls is 
continuous with that in the party wall. The chimneys are divided 
in common with the other portions of the party wall till just below 
roof level; they may be joined before they penetrate the roof, but 
then a sound-insulating layer such as asbestos clott should be 
inserted in place of one of the mortar joints ; alternatively the 
chimneys may penetrate the roof separately. The design may be 
♦ H.M. Stationery Office, 1944. 
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adopted with solid external walls, the cavity in the party wall being 
then continuous to the outer face of the building where it is closed 
by a suitable type of expansion joint. In either case the party wall 
should be built if possible without ties, or only with twisted wire 
ties spaced as far apart as possible. 

Other constructions, for which figures do not appear to be avail¬ 
able, consist of an inner shell in the form of a lining round the rooms 
which are separated by the party wall. The lining material is 
usually plasterboard, fibreboard, or better, plastered lath, in each 
case mounted on battens. The battens should be fixed by felt lined 
clips. Alternatively the party walls only may be lined, and trans¬ 
mission along the flanking walls may be reduced by inserting dis¬ 
continuities as shown in Fig. 145b. Fig. 145b shows the lining 
applied only to the living room walls, as the main sources of noise 
(e.g. radio) are usually in this room. 

Similar principles applied to flats were given successful trials. 
All rooms needing quiet form a shell which is insulated from the 
supporting structure. The shell consists of a floating floor carrying 
lining walls and a suspended ceiling. Fig. 145c gives a diagram plan 
illustrating the principle. Fuller description and detailed drawings 
may be found in “Sound Transmission in Buildings” by Fitzmaurice 
and Allen,* 


* H.M. Stationery Office, 1945 



CHAPTER XVI 

THE CHOICE OF A SOUND-INSULATINa CONSTRUCTION 

Loudness Reduction Factor o! Partitions. So far, in this book, 
discussion of sound-insulation has referred only to differences in 
intensity of sounds of similar character. The ear, however, reacts 
differently to sound waves containing the same energy but differing 
in pitch (see Chapter I), so that when selecting an insulating con¬ 
struction, the choice should be governed by considerations of the 
reduction in equivalent loudness rather than the reduction in 
intensity which the construction will afford. The problem presented 
to the architect is not, at first sight, an easy one, for he requires to 
select a construction, the insulation of which can only be expressed 
by a series of figures (one for each frequency), these figures being in 
decibels to suit a noise of which all that is likely to be known is 
the equivalent loudness, expressed as a single figure in phons. The 
properties of the ear which are to a large extent responsible for 
this situation do, as a matter of fact, at the same time provide a 
simplification. 

A Useftd Rule. As was explained in Chapter IX (see Fig. 85) the 
sound-insulation of a partition normally increases as the frequency 
rises. In fact, for an average single partition the insulation increases 
by about 5 db. per octave (or frequency-doubling). The variation 
is greater in the case of a complex partition. Now, it happens that 
the ear is more sensitive to differences in low-frequency sounds. 
(See Fig. 9, Chapter I.) That is to say that, whereas for frequencies 
in the neighbourhood of 1,000 c.p.s. a 1 db. change of intensity is 
appreciated as a 1 phon change of loudness, in the neighbourhood 
of 100 c.p.s. a 1 db. change of intensity is appreciated as about IJ 
phons change in loudness.* This compensates to some extent for 
the decreas^ insulation of partitions at low frequencies, and it so 
happens that this compensation is almost complete for single par¬ 
titions having an insulation between 35 and 55 db. at 1,000 c.p.s. 
As the insulation of most partitions used in buildings in practice lies 
within this range, and the insulation at 1,000 c.p.s. is usually about 
the same as the insulation averaged for all frequencies (last column. 
Table XIV, Chapter IX), it follows that we can make the general 
rule that for most solid building partitions the average sound-insu¬ 
lation in decibels is numerically approximately equal to the reduction 
in loudness, expressed in phons, which is produced in the frequency 

* The question of giving the sound-reduction factors in phons has also 
been studied by W. Bauscii: Oesufidheitaingenieur, Vol. 59, p. 757, 1930; 
£. Meyer: ibid., Vol. 60, p. 750, 1937; A. Gioli and G. Sacsrdotb: Alia 
Frequenza, 4-5, p. 229, 1930. 


240 



THE CHOICE OF A SOUND-INSULATING CONSTRUCTION 241 


range 100-2,000 o.p.s. For sounds of higher frequency the reduction 
in loudness will be greater than the average sound-insulation. The 
above-mentioned relation affords a useful way of assessing the effect 
of a solid partition, but we must make clear that it is at best only 
an approximation to the truth. It is not possible to make a similar 
statement regarding complex partitions, since their behaviour is so 
variable. In so far, however, as many complex partitions transmit 
low frequencies more readily than a single partition having the same 
average insulation, it is wise not to attach too much significance to 
the mean sound-reduction factors of such partitions. 

For simplicity the above discussion has dealt with the loudness 
reduction afforded by partitions where direct transmission alone is 
considered. The problem is rather more complicated, since trans¬ 
mission by indirect paths and sound-absorption effects have also 
to be taken into account. However, the same argument will apply 
to these, and accordingly we may say that provided the walls of 
the rooms concerned are solid (or, if complex, do not transmit 
low frequencies markedly more than would a solid partition having 
about the same insulation), the average sound-reduction, allowing 
for the effects of absorption and indirect transmission, will be 
nearly enough equal to the loudness reduction. Thus a pair of 
rooms separated by a 9 in. wall would be expected to show a loud¬ 
ness reduction of about 52 phons if the effects of indirect transmission 
and of reverberation were negligible. In practice, however, there 
would probably be up to 5 phons loss on account of indirect trans¬ 
mission and a possible further 5 phons on account of lack of absorption. 

Consequently the actual loudness-reduction factor will be be¬ 
tween 42 and 52 phons, depending upon the absorption. That is to 
say that if in the noisy room the loudness is 80 phons, the loudness 
in the “quiet” room will be between 28 and 38 phons. 

Method of Estimating the Insulation Requir^. It will be seen 
from the above example that if the loudness of the noise against 
which insulation was required could be specified, and if the maximum 
tolerable loudness in the “quiet” room could be specified, there 
would be a means of choosing a suitable construction. 

Figures for tolerable noise levels in rooms which give some assis¬ 
tance in this connexion have been given by various authors,* in 
other countries. In Great Britain, the most authoritative guidance 
so far available comes from the Acoustics Committee of the Building 
Research Board of the Department of Scientific and Industrial 
Research in a Report published in 1944 under the title “Sound 
Insulation and Acoustics”—Post-War Building Studies No. 14. The 
levels to which intruding noise should be reduced in rooms used for 
different purposes are listed, allowance being made for the fact that 
there is always a certain level of background noise in a room, which 

* V. O. Knudsbn : Architectural Acoustica (John Wiley A Co.); H. Kbbuger 
AND J. H. Saobr: Proc. Roy. Swedish Inst, Eng. Res., No. 132, 1934. 




W) Noise level in the Eue Vercingitorix, Paris (5.37 to 5.41 p.ro.). Average level, 52 phons. (Near heavy rail traffic.) 
Fig. 146. FLUcrirATiON in Intensity of Traffic Noise 
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helps to mask the intruding sounds. Table XXIV summarizes the 
conclusions reached in this Report. 


TABLE XXIV 

Levels to which Intruding Noise should be Reduced in 
Various Rooms 


Occupancy of Room 


Noise Level 
(phons) 


Study or sleeping ..... 

Reading or writing ..... 

Boardroom ...... 

Sedentary office work : quiet conversation . 
Average office, telephone work, and restaurant 
Noisy office ...... 

School classroom ..... 

Hospital wards in urban areas 


15 

20 

30 

35 

40 

60 

30 

20 


For the loudness of commonly occurring noises reference may be 
made to Table IV, Chapter I. Using these two tables a rough idea 
may be obtained of the insulation required. 

Another method of estimating the insulation required relies upon 
the effect known as masking. If two sounds are heard simultane¬ 
ously, then one will mask the other (which will not then be heard), 
provided the difference of loudness is sufficient (about 20 phons). 
Accordingly, if the expected noise level in a residential room is 35 
phons and the noise level in the room next door will be of the order 
of say 70 phons, an insulation of 55 phons can be expected to make 
the sound entering the “quiet” room 20 phons less loud than the 
noise already there, and it should accordingly not be noticeable. 

Effect of Fluctuations in Loudness of Noise. It has been implicitly 
assumed in the above calculations that the loudness of the noises 
concerned are constant. This is, of course, quite untrue generally. 
Most noises—street noises (see Fig. 146) and radio form good ex¬ 
amples—vary over a wide range from minute to minute. Hence, 
if one is calculating the insulation required to reduce the incoming 
noise to a certain given level, it would first of all be necessary to 
decide whether one meant by this that— 

1. At its lovdest the incoming noise should not exceed a certain 
figure, or 

2. That it should not do so on the average. 

The problem is complicated, and is mentioned here not because 
a solution will be proposed but so that the reader can appreciate 
the difficulty. 

One further difficulty should also be mentioned. If the insulation 
is calculated by allowing for the masking effect of the noise already 
in the room, one is faced with the difficulty that the masking 
noise (commonly conversation) will be continually varying in in¬ 
tensity, so that there will be occasions (when the level of the 
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masking noise is low) when there will be no masking effect and the 
incoming noise will become audible. An everyday example will 
illustrate this point. While talking is in progress in a room, noise 
entering from a neighbour’s room (e.g. radio) is commonly inaudible. 
During the inevitable lulls in the conversation, however, the sound 
entering from the other room becomes noticeable, and may be even 
objectionable. It would require a very elaborate construction to 
make the entering sound always inaudible. 

Specifying the insulation required in these circumstances becomes 
then a matter of deciding how freqtterUly interfering noise is to be 
heard as well as how loud it should be. 

It must be concluded that satisfactory specification of insulation 
from noise-level measurements alone is, with the information at 
present at our disposal, a difficult matter. The fact appears to be that 
the noise conditions which will prove acceptable (and hence the 
insulation required) is largely a matter for personal judgment rather 
than for scientific measurement. For this reason the architect who 
knows what degree of quietness his client requires (it is a question of 
degree of quietness, for absoltUe silence is not achievable except in 
very special circumstances) is in a better position for specifying the 
insulation required than anybody else. He will know, from his experi¬ 
ence, that with similar conditions of noise a certain construction 
was or was not satisfactory for the purpose he has in mind. He will 
be able (at least in most cases) to ^d, from the information given 
in this book, the numerical value of the insulation provided by pre¬ 
vious constructions and can improve upon or repeat them as he 
wishes. 

Suggested Minimum Values for the Sound-insulation of Construc¬ 
tions. Using the methods indicated above, and obtaining opinion 
from experienced sources, the Acoustics Committee of the Building 
Research Board have made, in the Report referred to above, the 
following proposals for standards of insulation (Table XXV). 

TABLE XXV 
Standards of Insulation 

(а) Between the living room in one dwelling and the living or 

bedrooms in an adjoining dwelling—usually by party wall 55 db. 

(б) Between the living room and other rooms (except service 

rooms) in the scune dwelling ...... 45 db. 

(c) Between bedrooms and other rooms in the same dwelling 35 db. 

(d) Between school classrooms and corridors and between one 

classroom and another ....... 45 db. 

(e) Between bedrooms in hotels, if radio or musical instruments 

not used ......... 45 db. 

In comparing the values in Table XXV with the laboratory n^easurements 
of the insulation of partitions given in Tables XV and XVI, it should be 
remembered that the measured values for the heavier partitions may exceed 
those obtaining in practice by up to 6 db. on account of conditions of test, 
as explained in Chapter IX. 
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An insulation less than that provided by a 9 in. wall (52 phons) is 
not usually acceptable for a wall dividing houses or flats. As 
mentioned earlier, the higher insulation will often necessitate the 
rooms being built as discontinuous structures. 

Standards of quiet for impact sounds are equally important, at 
least in the case of residential buildings, for the majority of com¬ 
plaints in blocks of flats are concerned with impact sounds rather 
than with airborne sound. Table XXVI gives the standard of 
insulation against impact sound suggested by the above Report in 
terms of the improvement over the insulation afforded by a bare 
concrete floor. 

TABLE XXVI 

Standards of Insulation against Impact Sound 

Improvement over 
Occupancy insulation of bare 

concrete floor 

Typing, noisy office 
Telephoning, average office 
Minimum recommended, for flats 
Reading or writing 
Study or sleeping 
School classrooms 

In the case of timber floors, the figures in the above table should 
be increased by 6 phons. 


5 phons 
10 „ 

15 „ 

30 „ 

35 

15 




CHAPTER XVII 

FBEVENTINO NOISE FROM LEAVING A BUILDING 

The greater part of this book is concerned with constructing build¬ 
ings to prevent entry of noise. The reverse, namely constructing a 
building or part of a building from which the issue of noise is pre¬ 
vented, is, however, frequently required. Examples are factories 
and power stations; which, if in residential areas, may have to be 
specially constructed to prevent the emergence of noise. The prac¬ 
tice of placing transformers out of doors has at times proved 
troublesome from the noise standpoint. Occasionally the only 
remedy is to enclose the transformers in a suitable building. 

In the design of such buildings, as in the case of buildings intended 
to exclude noise, attention must be paid to reducing the transmission 
of both structure-borne and airborne sound. 

Reducing Sinicture-bome Sound. Structure-borne sound will 
reach surrounding property by conduction, either through the inter¬ 
vening earth or through a common building structure. Some reduc¬ 
tion of transmission via the earth can possibly be obtained by 
inserting insulating pads between the building and its foundations 
or by erecting the building on an exceptionally massive concrete 
raft, or by trenching. There does not appear, however, to be any 
clear evidence that these methods are particularly effective for this 
purpose. They are mentioned because they have often been 
recommended. Conduction through the building fabric can also be 
reduced by the methods described in Chapters XIV and XV. There 
can, however, be no doubt that the better plan is to insulate the 
cause of vibration from the building, thus dealing with the nuisance 
at its source. Heavy machinery such as generating sets and large 
reciprocating compressors have been successfully dealt with in this 
way (see Chapter VI). 

Reducing Airborne Sound. A great deal can be achieved by 
suitable planning. Windows, unless they are sound-insulating, 
should, if possible, only be inserted in sides of the building 
which do not face towards other property. Where there are 
several buildings it is a sensible and obvious step to arrange for 
the noisiest to be screened from surrounding property by the 
others. In this connexion it will be remembered (Chapter I) that 
owing to acoustical diffraction effects it is not sufficient that the 
noisy building is optically screened, i.e. invisible from the surround¬ 
ing property: the builffings used as screens should be as high as 
possible, particularly where low-frequency sound is ^concerned. 
Incidentally, it should be remembered, as is obvious from Fig. 147, 
that a screen which might be valuable for screening buildings on 
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the same level may prove totally ineffective as regards buildings on 
a higher level. When selecting the site, therefore, it is as well from 
the acoustical point of view to avoid a position at the foot of a hill 
which is likely to be built upon. It is wise also to avoid reflecting 
surfaces such as might be provided by adjacent high buildings (Fig. 
148). The acoustical desiderata are, in fact, a level piece of land 


Building Prom which 
noise is to be screened 



Fig. 147. Illustrating how a Screen which might be Valuable 
IN Screening Noise from Buildings on the Same Level is 
Inadequate to Screen Buildings on a Higher Level 
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Fig. 148. Illustrating how an Adjacent High Building can, 
BY acting as a Reflector, increase the Noise heard at 
Neighbouring Buildings 


surrounded as far as possible by a thick belt of high trees and having 
no high buildings near to cause reflection effects. 

It is often not possible to deal with the noise problem by planning 
alone. It is then necessary to take steps to restrict the emergence 
of sound from the building concerned. The construction of sound- 
insulating walls, doors, and windows and the use of sound-absorbent 
treatment in the interior will not be dealt with here, as it has been 
discussed already (Chapters V and IX-XII). This section will in¬ 
stead be confined to certain special features peculiar to the problem 
of preventing the emergence of noise from buildings. 

It often happens that the roof of a factory is of quite light con¬ 
struction. If noise is not to emerge from such a building, the roof 
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should be treated as well as the doors and windows. The roof insula¬ 
tion can often be improved merely by making it airtight, e.g. by lay¬ 
ing roofing felt over or below it. A further improvement is to be 
expected if the roof is converted into a double construction by fixing 
an inner skin of building-board or similar relatively non-porous 
material below the rafters. 

If greater insulation is required (and also where the roof is of glass 
to give natural light), a possible construction is to erect a horizontal 
ceiling, incorporating glazing if necessary, cutting off the roof from 
the remainder of the building. The space between the new ceiling 
and the roof should be rendered sound-absorbent as described 



Fio. 149. A Method of Reducing the Sound Transmitted from 
A Building through the Roof 

in Chapter V. (See Fig, 149.) Incidentally, double constructions of 
this kind have the additional advantage of reducing heat loss from 
the building. 

Ventilation. The building, once soundproofed, will probably re¬ 
quire a system of ventilation. Methods of preventing the transmis¬ 
sion of sound through the ventilating system have already been dealt 
with (Chapter VIII). Only one problem calls for special notice. Aero¬ 
engine test beds, by reason of the intense noise generated, require 
careful sound-insulating treatment. The problem is in this case com¬ 
plicated by the fact that the engines while under test have to be in a 
powerful air stream, which is drawn from the outside. To reduce the 
sound conducted along the inlet and exit ducts calls for extensive 
treatment. In the case of one factory the engine test house (see 
Fig. 150) consists of two buildings, one inside the other and com¬ 
pletely separated by an air space. Both buildings rest upon cork 
insulation. The inner one is lined with absorbent, as are also the 
inlet and outlet ducts. The outlet duct, incidentally, is about 100 ft. 
long and is directed towards waste land. Treatment which has been 
applied to existing test houses in America is described by R. Walsh 
and E. D. Eaton.* 

(Jonstmction of Belfries. Many people like listening to bells in the 
distance, but not everybody is prepared to enjoy the safiie bells 
when heard near by. It has accordingly become an important 

• Joum. AeronatU, Set,, Vol. 4, p. 107, 1937. 
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acoustical problem to design belfries so that while the bells can still 
be heard at a distance the sound in the immediate neighbourhood of 
the belfry is kept at a reasonable level. 

The problem does not appear to have been the subject of exact 
measurement, but the following are the recommendations usually 
given. The sound-windows at the sides of the belfry should be 
blocked up almost entirely, preferably with brickwork but alter¬ 
natively with heavy boarding caulked or lined with roofing felt. 
New windows should then be cut in the roof of the belfry. Belfries 
designed on this principle are said to have been used in the Church 
of the Annunciation, Chislehurst (which has an octagonal louvi*ed 
roof behind a parapet), and All Saints Church, Basingstoke, which 
has a wooden spire with four louvred dormer-shaped windows just 
above the parapet. If daylight is required in the belfry, sound- 
insulating windows can be provided in the sides. It is also recom¬ 
mended that the bells should be placed as low down the tower as 
possible so as to prevent their being heard directly through the 
sound-windows. This should not be overdone, however. W. Bond* 
has quoted the examples of a church in which the bells were 15 ft. 
below the windows and could only be heard inside the church. When 
the belfry at Lincoln Cathedral was reconstructed, the bells were 
lowered and the sound-windows were provided with reversible 
louvres, so that while normally they slope downwards, they can be 
made to slope upwards when the bells are being rung, with the object 
of directing the emergent sound away from the ground. It appears 
that these alterations were very successful, both in reducing the 
sound near by and in increasing the intensity at distances away 
from the cathedral.t 

* Journ. R.I.B.A., 10th August, 1935. 

t See Journ. 42, Third Senes, No. 16, 29th .Time, 1935. 



CHAPTER XVIII 

NOISE AND THE LAW 


The control of noises which affect the occupants of buildings is a 
matter of monetary importance. The architect cannot prevent 
occupants of a building being disturbed by noise which arises outside 
except by incurring the expense of making the building more or 
less soundproof. There are, however, various bodies within whose 
province it lies to prohibit certain classes of noise; much has already 
been done, but more could be achieved if the public were sufficiently 
insistent. 

Noises which affect buildings are conveniently divided into local 
noises which are peculiar to the district concerned, and general 
noises which are likely to be found almost anywhere. Local noises 
such as the noise of factories, aerodromes, garages, electricity sta¬ 
tions, and even church bells are frequent causes of complaint, and 
can often be dealt with by concerted and, if necessary, continued 
action. 

Of general noises, that of traffic probably concerns the architect 
and his client most. In city streets, trams, particularly at curves 
and crossings, are probably the worst offenders, being well seconded 
by steam lorries and other heavy commercial vehicles. Sports cars, 
motor-cycles, and antiquated delivery vans can make them¬ 
selves objectionable, and even ordinary private cars can be very 
disturbing, particularly at night, when cornering or ascending 
steep hills. Other noises which cause general complaint are loud¬ 
speakers and gramophones, street hawkers and street musicians, 
barking dogs and other noisy animals, and, not least, low-flying 
aeroplanes. 

It is not always necessary or advisable to resort to legal proceed¬ 
ings to abate a noise. Factory owners, electricity undertakings, 
and others have in many cases voluntarily taken steps to reduce the 
noise emerging from their premises. If requests do not produce a 
satisfactory response, legal action may be taken, the nature of which 
will depend on the individual case. 

IN GREAT BRITAIN 

In this country noise comes within the reach of the law in two 
ways. It may be dealt with by proceedings at common law if in any 
particular case it can be identified as a nuisance; or it may offend 
against a statute (including by-laws made by local authorities in 
the exercise of their statutory powers), in which case the appropriate 
authority will deal with it. These two aspects are dealt with below. 
It should be pointed out, however, that while every care has been 
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taken to ensure that the information given is correct at the time of 
writing, the authors cannot guarantee that every detail of .the legal 
position has been completely and accurately described. 

An actionable noise nuisance has been defined in the courts as 
one which interferes with the reasonable comfort and enjoyment of 
one’s premises, and it is no defence in common law to say that the 
best Imown means have been taken to reduce the noise complained 
of, or that the cause of the nuisance is the exercise of a business or 
trade in a reasonable manner (except in the case of a body acting, 
without negligence, under statutory powers). Injunctions have been 
granted in various cases restraining the noise, or, in the case of 
noisy building operations, restricting them to certain hours. The 
penalty for breach of an injunction is imprisonment or, in the case 
of corporations, sequestration of property; damages may be awarded 
as well as, or instead of, an injunction. In suitable cases an action 
may be brought in the County Court, but it is then essential to claim 
damages as well as an injunction, since the Cbunty Court, unlike the 
High Court, may only grant an injunction as additional relief in an 
action in which damages are also claimed. An injunction is thus a 
powerful weapon; but actions at common law take time, and are 
therefore not a suitable remedy for noises which are likely to be 
only temporary. In addition, not only the cost of proceedings, but 
the difficulty in some cases of identifying offenders, and the reluctance 
to commence proceedings or give evidence, render this remedy less 
convenient. It may, of course, happen that a noise affects the King’s 
subjects at large and so constitutes a public nuisance; the per¬ 
petrator is then guilty of a misdemeanour for which an indictment 
will lie at common law. Noise nuisances which affect only one 
person or a determinate number of persons come under the heading 
of private nuisances, when the remedy in common lawis a civil actjon. 

Statutes and by-laws provide a remedy against many noises which 
cannot conveniently be dealt with at common law. The most impor¬ 
tant statutory regulations (apart from those dealing with road traffic, 
which will be dealt with under that section) are the Public Health 
and Local Government Acts and the by-laws of local authorities 
made thereunder. Any by-law made by a local authority must be 
confirmed by the Home Secretary, and in some cases by the Minister 
of Health. A by-law cannot be made for the suppression of a nuis¬ 
ance where an existing enactment in force already deals with that 
nuisance. By-laws can be made by county councils and borough 
councils under the Local Government Act (1033), section 249, deal¬ 
ing, inter alia, with noisy animals and birds, noisy instruments, 
and noise from loudspeakers. To assist local authorities the Home 
Office has prepared model by-laws, which have been widely adopted, 
dealing with these noises and other nuisances. These by-laws pro¬ 
hibit noisy hawking, the use of steam organs so as to cause annoy¬ 
ance, and require street musicians to remove to a distance of 100 



NOISE AND THE LAW 


253 

yards from a house, office, church, or hospital on request. The 
model by-law on loudspeakers, gramophones, etc., is as follows— 

No person shall: (a) in any street or public place or in connexion with 
any shop, business premises, or other place which adjoins any street or 
public place and to which the public are admitted, or 

(6) upon any other premises by operating any wireless loud-speaker, 
gramophone, amplifier, or similar instrument make any noise which shall 
be so loud and so continuous or repeated as to cause a nuisance to occu¬ 
pants or inmates of any premises in the neighbourhood. 

Provided that no proceedings shall be taken against any person for 
any offence against this by-law in respect of premises in paragraph (6) 
unless the nuisance be continued after the expiration of a fortnight from 
the date of the service on such person of a notice alleging a nuisance, signed 
by not fewer than three householders residing within the hearing of the 
instrument as aforesaid. 

Anyone aggrieved by a noise which might possibly contravene 
local by-laws may complain to the police: offenders against by-laws 
are prosecuted in the courts of summary jurisdiction, which can 
impose a penalty not exceeding £5. 

An important remedy against noise has been put into the hands 
of local authorities by local Acts passed during recent years. A 
number of local authorities, including the London County Council, 
have obtained by local Act provisions applying to noise nuisances 
the procedure of the Public Health Act (1936), for the abatement 
of sanitary nuisances. The provision usually allowed is as follows— 

1. A noise nuisance shall be liable to be dealt with as a statutory nuisance 
under the Public Health Act (1936). Provided that no complaint shall be 
made to a Justice under section 99 of the said Act unless it is signed by not 
fewer than three householders or occupiers of premises within hearing of 
the noise nuisance complained of. 

2. A noise nuisance shall be deemed to exist where any person makes 
or continues or causes to be made or continued any excessive or unreason¬ 
able or unnecessary noise and where such noise (a) is injurious or dangerous 
to health and (6) is capable of being prevented or mitigated, having due 
regard to all the circumstances of the case. Provided that if the noise is 
occasioned in the course of any trade, business, or occupation it shall be a 
good defence that the best practicable means within the meaning of the 
said Act of preventing or mitigating it have been adopted. 

3. Nothing contained in this section shall apply to a railway company 
or tjioir servants exercising statutory powers. 

4. Nothing in this section shall affect the power of the Corporation to 
make by-laws under section 249 of the Local Government Act (1933). 

A statutory nuisance may, under the Public Health Act (1936), 
be dealt with by a court of summary jurisdiction, failing compliance 
with an abatement notice issued by the local authority. If the 
nuisance is proved to exist, the court shall make a “nuisance order ” 
requiring the defendant to abate the nuisance, and a fine not exceed¬ 
ing £6 may also be imposed. Any person failing to comply with a 
nuisance order is liable to a fine of on conviction and to a further 
fine of £2 for each day on which the offence continues after con¬ 
viction. The local authority may then abate the nuisance and 
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recover the expenses incurred. Proceedings may be taken in the 
High Court by a local authority against a person committing a 
nuisance if it is deemed that summary proceedings would afford 
an inadequate remedy. 

Constniction of Buildings. The Public Health Act (1936), section 
61, authorizes the making of by-laws for regulating the materials 
to be used in the construction of buildings, and it is possible for such 
by-laws to deal with materials from the point of view of the trans¬ 
mission of noise. The local authority may, indeed, if required by 
the Minister of Health, be obliged to make such by-laws. These 
could be a very important weapon in the hands of local authorities 
and the Ministry of Health. 

Traffic Noises. A number of regulations have been made regarding 
traffic noise. Noise made by the vehicle or its load and noise emitted 
by warning devices are dealt with in the Motor Vehicles (Construc¬ 
tion and Use) Regulations, 1937. 

Some of the legislation incorporated in these regulations must be 
regarded as undergoing a trial stage. In common with other legis¬ 
lation, it is not always strictly enforced, one reason for this being 
the difficulty of proving that a given noise is excessive. It is obvi¬ 
ously desirable to be able to substitute noise measurements for 
necessarily vague allegations. An important step in this direction 
was the institution, in 1934, of a Departmental Committee of the 
Ministry of Transport on “Noise in the Operation of Mechanically 
Propelled Vehicles.” The Committee have published a number of 
reports containing recommendations regarding permissible noise 
levels which have, in so far as they concern new vehicles, been 
accepted by manufacturers. The Committee recommended a noise 
limit measured under certain standard conditions of 90 phons for 
new vehicles and 95 phons for others. 

As regards motor horns, etc,, it was felt that a single loudness 
limit which would be applicable to all warning devices was required. 
Obviously a horn sufficiently loud to attract the attention of the 
driver of a heavy goods vehicle might be too loud to be agreeable 
to the residents in a quiet street. As a compromise between conflict¬ 
ing interests a noise level of 100 phons measured at a distance of 
20 ft. was recommended, and by agreement between the Ministry 
of Transport and vehicle manufacturers, no horns with a loudness 
exceeding this flgure are fitted to new motor vehicles. 

The annoyance caused by aircraft is as a rule too intermittent 
to constitute an actionable nuisance, although nuisance actions 
have sometimes succeeded in obtaining injunctions restricting 
pleasure flights over certain property. R*ovided aircraft fly high 
enough for safety they do not appear to contravene any regulation, 
and furthermore the Air Navigation Act (1920) provides that no 
action shall lie in respect of trespass or nuisance by reason of the 
flight of aircraft over any property at a height above the ground 
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which, having regard to weather and all other circumstances, is 
reasonable. The legal position then depends on what a court will 
consider reasonable. 

COUNTRIES OTHER THAN GREAT BRITAIN 

A brief account is given of some of the more interesting regula¬ 
tions and recommendations which have been made in different 
countries with a view to reducing noise. In some cases these have 
obviously been dictated by local conditions or customs; but others 
are of general interest, particularly those which are of the nature 
of building regulations. 

Regulations concerning the Suppression of Noise. Police or muni¬ 
cipal regulations against noise of various kinds are, of course, to be 
found in almost every country. 

Most cities have regulations dealing with traffic noise; for instance 
the use of motor horns is often forbidden at night, and in some cities, 
notably in Italy, during the day as well, offenders being liable to a 
small fine on the spot. In Germany there is in force a series of tech¬ 
nical regulations for motor vehicles, including clauses about silencers 
and approved types of horn; in addition it is understood that traffic 
noise is regulated by measurement, engine noise being restricted to 
85 phons. In Paris a graduated series of speed limits is imposed, 
depending on the weight of the vehicle; at night heavy vehicles are 
prohibited in certain streets. Noisy loading and unloading of goods 
is often subject to restrictions. In Warsaw the use of horse vehicles 
with untyred wheels is frowned upon, those with tyred wheels 
being granted a tax reduction. 

Other street noises such as hawking, newspaper-selling, and 
advertising by the use of noisy instruments are frequently entirely 
prohibited: in Paris these and noisy amusements at fetes and fairs 
are subject to a special police permit. 

The noise of church bells is apparently a more serious problem 
in Continental cities than in Great Britain. Cases are reported in 
which agreement has been reached with the church authorities 
that no bells would be rung before 6 or 7 a.m. Chiming public 
clocks present a similar problem, which is often dealt with by 
adjusting the mechanism so that the chime is put out of action at 
night. 

The noise of loudspeakers and gramophones used on private 
premises is dealt with in various ways. In Paris, for instance, if a 
loudspeaker is audible in the street, or if a complaint is made to the 
police, the x)olice can intervene directly, while in Belgium windows 
must be closed in a room in which a loudspeaker is in operation. 
Elsewhere it is merely laid down that such apparatus must not be 
used to the annoyance of the neighbours. 

Noisy industrial operations due to factories, building, demolitions, 
etc., are in many countries restricted to the hours of day, or are only 
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allowed at night by special permit. The problem is tackled in another 
way in Warsaw, where the municipal regulations contain a clause 
relating to zoning, in which noisy factories are allowed only in 
certain districts. In France certain kinds of works likely to disturb 
the amenities of the neighbourhood may not be set up without a 
special permit; before this is granted, any objections by local resi¬ 
dents are heard, and the issue of the permit may be made subject 
to the guarantee that steps will be taken to prevent disturbance. 
(For instance, permission to run an aero-engine testing establishment 
was made subject to the provision of an effective silencing 
arrangement.) 

Building Regulations. Building codes which contain clauses deal¬ 
ing with sound-insulation exist in some countries, including Germany, 
Austria, Hungary, and Czechoslovakia. It is gathered that in some 
countries (though not all) these codes are more of the nature of 
model specifications than generally enforceable rules, but they have 
considerable value in that they are standards which have presumably 
been considered as acceptable and practicable. 

Party Walls. Individual recommendations vary somewhat from 
country to country, e.g. the minimum insulation, averaged for low-, 
medium-, and high-pitched sounds, to be afforded by party walls 
ranges from 48 db. (in Germany) to 60 db. (Czechoslovakia). Some 
countries have gone farther and have framed their regulations so as 
to exclude those light complex partitions which, juc^ed from their 
average insulation, appear to be satisfactory but actually (see 
Chapter IX) are ineffective for low-pitched sounds. In Grermany’*' 
this has been achieved by specifying that the insulation in the 
range 100-550 c.p.s. should be at least 42 db. (the insulation in the 
range 550-3,000 c.p.s. being at least 54 db.), while in Hungary 
the regulations simply state that the insulation should be at least 
that afforded by a solid wall weighing 70 Ib./sq. ft. at all frequencies. 

Floors. The minimum insulation against airborne sound afforded 
by floors over inhabited rooms is in most cases required to be the 
same as or rather greater than that of party walls. For hospitals, 
the Austrian codef recommends that floors should afford an 
insulation of 65 db. 

The insulation to be provided by floors against footstep noises is 
specified in a number of different ways. According to some codes,:|: 
ordinary footsteps in the room above should not create a noise level 
of more than 40 phons in the room below, or 35 phons where special 
quiet is required. This figure is, of course, influenced by factors 
other than the insulation of the floor. In the German code it is 

* **Techni8che Bestimmungen fiir Zulassen neuer Bauweisen,** Zentralblati 
der BauverwdUung, Vol. 32, p. 875, August 1938. 

t **Hochbau. Schutz ^geu Schall- uiid Ersohutterungen.** (Oeatih'eischi- 
acker NormenauschtLsa, Vienna, 111, 1936. 

X Municipal Boiurd of Prague: “Rules for Judging Buildings from the 
Standpoint of Heat-and Sound-insulation,’* 1934. 



NOISE AND THE LAW 


257 


laid down that the noise in the rooms below the floor should not 
exceed 85 phons when the floor is struck with a certain impact 
machine, this figure referring to a lower room containing one unit 
of absorption (see Chapter XIII); it is stated that the noise of 
footsteps in most ordinary rooms will then be between 25 and 45 
phons. Other countries have confined themselves to making certain 
regulations about the construction of floors in order to deaden foot¬ 
step sounds: these may prescribe that the flooring should be laid 
on some kind of pugging or other insulating layer or that, as in 
parts of Holland, an independent ceiling should be used. (See 
Chapter XIII.) 

E^mal Walls. Recommendations regarding the insulation affor¬ 
ded by external walls usually specify a figure about the same as that 
adopted for party walls. This figure is subject to correction for the 
transmission through the windows, if any. 

Partitions. The insulation required of partitions between rooms 
in the same dwelling depends upon circumstances: it has been 
recommended that they should have a minimum insulation of 
40 db. One code suggests an insulation of 45-60 db. for partitions 
used in hospitals. 

Doors* Doors have received so far only rather superficial attention. 
Recommendations* have called for a minimum insulation of 
30 db., but a lot must depend upon the position in which the door is 
used. One code specifies a minimum of 55 db. for the insulation of 
doors in hospitals. 

Windows. Windows appear to have received as little attention 
as doors. One recommendation is that double windows in an 
external wall should have an insulation of 35 db., but the require¬ 
ments must depend a good deal on circumstances. 

Plumbing. Noise from plumbing is referred to in various codes. 
The attachment of piping to walls less than 4^ in. thick is not recom- 
mended.f Another prescribes that pipes run in floors or walls 
should be covered with felt in their entire length. 

Machinery. Noise from machinery is dealt with in various codes. 
One code recommends that no machine or mechanical power trans¬ 
mission should be fixed on or in contact with party walls. Other 
recommendations have been made, regarding the necessity for 
the provision of silencers, insulating foundations, and so on. 

Ventilation. In America a standard has been proposed:|; to the 
effect that no noise resulting from the operation of an air-condition¬ 
ing system shall exceed the loudness level of the noise in the 
room when normal activities are in progress and no part of the 
air-conditioning system is operating. In Germany it has been 

* Daa L&rmfreie Wohnhaua, V.D.I. Verlag, Berlin, 1938. 

t MerkblaUfiir den SchaUschutz im Wohnkaiis, V.D.I., Verlag, Berlin, 1938. 

t Chicago Standards, 1936. (See Heating^ Piping, and Air Conditioning, 
Vol. 8, p. 653, December, 1936.) 
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recommended* that the noise made by ventilating systems in 
different buildings should not exceed certain specified levels. 

In Great Britain and, it is believed, in America, the building 
regulations of the local authorities do not as yet contain any direct 
reference to such matters as the sound-insulation which should be 
provided by structures. In Great Britain local authorities have 
power to make such regulations (or may be obliged by the Minister 
of Health to do so) under the Public Health Act, 1936. Some of 
the difficulties in the way of drawing up regulations of this kind have 
been discussed, and it is clear that any standard could only be a 
compromise between what would be considered good conditions and 
what would be considered practicable. 

♦ F.D./. Luftungaregeln, V.D.I., Verlag, Berlin, 1937. 


APPENDIX 

TABLE XXVII 

Conversion Table—Decibels to Numerical Redi ction Factors 
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60 
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1,000,000,000 
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Absorbent— 

distribution of, 55 
materials, porous, 56 
Absorbents— 
choice of, 64 
erection of, 66 
fireproohng of, 67 
hygienic, 68 
outdoor uses, 68 
painted, 66 
railway uses, 70 
resonant type, 57 
value of, 51 
Absorption— 
coefficients, 46 
effect on noise level, 47 
Acoustic felts, tiles and plasters, 
absorption of, 48 
Acoustic filters, 30 
Aero engine test rooms, 248 
Aircraft, noise from, 254 
Asbestos, sprayed, absorption of, 48 
Audibility, threshold of, 15 

Baffle boxes, 130 
Belfries, design of, 248 
Building— 

fabric, conduction of sound 
through, 218 

operations, noise from, 44 
planning of, 30 
ventilation of, 248 
Buildings— 

avoiding noise in, 27, 30 
construction of, legal aspect, 254, 
256 

insulation against external vibra¬ 
tion, 220 

preventing noise from leaving, 246 
selection of site for, 27 
By-laws, 252 

Ceilings— 

absorbent treatment of, 52 
suspended, 212 
Chladni’s figures, 23 
Common Law, 252 
Cycles per second, 2 

Damping, effect of, 83 
Decibel, 11 

Discontinuous structures, 234 
Domestic machinery, 39 


1 Doors— 

I airtight closure of, 199 
cills, treatment of, 200 
complex, insulation of, 191-7 
insulation of, 190 
pairs of, 197 
silent latches for, 187 
sliding, 189 
slamming noise, 186 
solid, 191 

insulation of, 189 
sound-tight closure of, 198, 202 

Ear sensitivity, 14 
Elasticity, 3 

Electric switches, silent, 39 
Electric motors, silent, 39 
Equivalent loudness, 11 

Factories, 41 
absorbent in, 52, 68 
Factory equipment, noise from, 41 
Fibreboards, absorption of, 48 
Flats— 

insulated box design, 239 
planning of, 31 
Floor— 

coverings, impact insulation of, 213 
fillings, value in wood-joist floors, 
215 
Floors— 

concrete floating, 210 
I wood raft floating, 207 
insulation— 

against airborne sound, 204 
impacts, method of test, 

205 

from the structural floor, 206 
gain of treatment, definition of. 
205 

Frequency, 2 

Gears, silent, 42 

Grass turf, absorption of, 71 

Hospitals, absorbent in, 53, 68 
House construction, discontinuity in, 
238 

Insulation— 

impact, proposed standards of, 245 
proposed standards of, 244 
Intensity and equivalent loudness, 11 
Inverse square law, 50 
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Legal aspects of noise, 261-8 
Lifts, noise due to, 39 
Local Government Act, 1933, 252 
Loudness sensation units, 16 

Machinery— 
effect of weight of, 83 
insulation of, 72, 94 
noise, sound insulating covers for, 
73, 74 

selection of quiet, 35 
Mass relation, 139, 150 
deviations from, 146 
Materials— 

attenuation of impact sound in, 219 
of sound in, 218 
Metal springs, 95 
Motor— 

horns, loudness of, 254 
Vehicles (Construction and Use) 
Regulations, 1937, 254 

Noise— 

emerging from building, 246 
levels, effect of fluctuations in, 242 
public nuisance, 252 
reduction, in buildings, 24 
suppression of, regulations, 255 
tolerable, 241 

Offices— 
absorbent in, 52 
planning of, 33 
quiet equipment in, 38 

Partitions— 
complex, 152 

acoustical coupling in, 152 
linkage caused by air coupling, 

153 

mechanical coupling in, 152 
double— 

absorbent lining in, 157 
air coupling in, 153, 160 
common studding, 164 
effect of evacuated interspace, 
159 

edge-connected, 161 
mechanical coupling in, 160 
of dissimilar components, 157 
of two similar components, 

154 

double masonry— 
effect of wall ties, 164 
marginal insulation of, 162 
double stud, marginal insulation 
of, 164 

loudness reduction factor of, 240 


Partitions— (contd,) 
masonry, insulating treatment on 
battens, 168 
movable, 150 
multiple, 169 
single— 

character of surface, effect of, 150 
frequency, effect of, 144 
^ joints and cracks in, 147 
limit of insulation, 151 
loading of, 146 
mass of, 139 
porosity of, 147 
resonances of, 145 
sheet, on studs, 168 
sound reduction factor of, 137 
stiffening of, 146 
solid, 137 

sound insulation of, 138 
Party walls, 256 
Phon, 11 
Pitch of note, 3 
Planning of building, 30, 33 
Porosity, effect of, 147 
Production, effect of noise on, 35 
Public Health Act, 1936, 253, 254 
Pure tone, 2 

Resonance— 
damping of, 20 
forc^ vibrations, 19 
free vibrations, 19 
fundamentcd frequency, 23 
natural frequency, 19 
overtones, 21 
upper resonances, 21 
Restrictions on noise in various 
countries, 255 
Rooms— 

sound-insulated, 222 
transmission of sound between two, 
224 

Rubber— 

drift of, under load, 102 
insulators, 90 

Sabins, 47 

Safe loads for insulating materials, 
103 

Schools, planning of, 33 
Screening noisy buildings, 246 
Site— 

layout of, 29 
selection of, 27 
Slag wool, absorption of, 48 
Sound— 

deadening materials, 38 
intensity of, effect of distance on, 
28 
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Sound— (contd,) 
nature of, 1 

pcussage of, from one material to 
another, 6 
reverberant, 49 
studios, insulation of, 235 
waves— 

behaviour of, 5 
detection of, 11 
frequency of, 2 
generation of, 1 
intensity of, 4, 11 
measurement of intensity of, 11 
compressional, 4 
diffraction of, 5 
flexural, 5 
reflection of, 5 
refraction of, 6 
transmission loss— 
at change of area, 9 
at interface, 6 
through sheet, 9 
velocity of, 3 

Sounding board effects, 10 
Specific acoustic resistance, 7 
Stiffness, 3 

Telephone bootlis, absorbent lined, 
55 

Test rooms, insulation of, 234 
Traffic noise, 12, 243, 254 
Transmission— 

between distant rooms, 232 
between two rooms-— 

effect of area of partition, 226 
effect of absorption, 224 
by indirect paths, effect of, 227 
effect of flanking, 227 
loss due to change in area, 9 
through roofs, 248 
walls, 137 

Transmittance, definition of, 223 

Unit ventilating equipment, 135 

Vacuum cleaners, 39 
Ventilating— 
ducts— 

acoustic filters in, 130 
baffle boxes in, 130 
insulation between rooms con¬ 
nected by, 128 

sound-absorbent lining in, 126, 
129 

transmission of sound through, 
125 

transmission through walls of, 
131 


Ventilating— (contd.) 
systems— 

acoustic filters in, 130 
baffles boxes in, 130 
fan noise, 120 

power losses due to sound- 
absorbent treatment, 129 
recommended noise levels due to, 
119 

resonances in, 121 
sound-absorbent treatment of, 
126 

transmission of noise from, 122 
of sound through, 

125 

unit type, 135 
wind noises— 
at outlets, 134 
in ducts, 132 
Vibration— 

insulating of buildings against, 
220 

machine— 

fiork insulators, 102 
dynamic vibration absorbers, 
93 

insulating materials— 
life of, 103 
resonances in, 90 
safe loads on, 103 
insulating mountings— 
effect of weight on, 83 
of damping, 83 
fluid friction in, 84 
modes of vibration in, 87 
natural frequency, 79 
on resonant floor, 91 
resonance in, 85 
solid friction in, 84 
low-pass mechanical filter, 91 
metal spring insulators, 95 
rubber insulators— 
dimensions of, 96 
drift of, 102 
shear designed, 100 

Water — 
pipes— 

insulation from walls, 117 
radiation of sound by, 116 
transmission of sound by, 113 
systems— 

noise from fittings, 105 
sanitary fittings, 110 
steam ^'hammer,” 108 
taps and ball valves, 110 
turbulent flow in, 108 
water “hammer,*’ 106 
Wavelength, 3 
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Windows— 
double— 

absorbent lining between, 180 
closure of, 183 

mechanical linkage between, 180 
opening, effect of, 184 
separate frames, 181 
spaoing between, 177, 180 
ventilation, provision of, 184 
weight of glazing, 178 


Windows—( contd.) 
single— 

effect of opening, 176 
types of closure, 174 
weight of glazing, 173 
sound insulating, 172 
j Wood wool cement slabs, absorption 
I of, 48 

I Workers’ output, effect of noise on, 
1 35 
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